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NATURE  AND  PROPERTIES  OF 

WATER. 

LECTURE    XII. 

THE  fludy  of  nature  is  as  much  diftinguifhed 
from  other  fubjeds  by  the  importance  of  itra 
matter,  as  by  the  variety  of  it's  topics.  But 
slmidft  all  this  variety,  the  true  pbilofopber  is  inter- 
cfted  by  the  objedts,  only  in  proportion  to  the  indU 
cation  they  afford  of  defign  and  providence  in  the 
government  of  the  world.  This  cdnfoling  tefti* 
mony  you  will  find  fpread  abundantly  over  the  face 
of  nature  j  it  is  every  where  diftributed  into  mafies 
and  portions,  according  to  the  nature  of  the  fub- 
je&.  Every  obje<ft  we  meet  with,  great  or  fmall, 
bears  tfye  (lamp  of  an  all  perfect  creator,  is  a 
mark  of  his  wifdotn,  a  monument  of  his  power, 
and  a 'proof  of  his  goodneft :  many  inftances  of  the 
order,  beauty*  harmony,  and  proportion,  in  the. 
works  of  nature,  have  been  exhibited  in  the  fore- 
troing  Le&urcs.  The  fubje&s  that  1  am  gei%  to 
thi#  Le&ure  will  furnifh  us  with  more. 
B  to* 
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Water  fcrves  to  the  art  and  navigation  of  man, 
as  air  fefves  to  the  wing9of  the  feathered  fpecies. 
It  is  the  cafy  and  fpeedy  medium,  'the  ready  con- 
duit and  conveyance,  whereby  all  redundancies  arc 
carried  off,  and  all  w&nts  fupplied.  It  makes  man 
as  it  were  a  denizen  of  every  country  on  the  glob*. 
It  fhortens  every  diftan^e,  and  ties  the  remoteft 
regions  together.  It  carries  and  communicates  the 
knowledge,  the  virtues,  the  manufa&ures  and  arts 
of  each  clime  td  alL  It  gives  fprings  to  induftry, 
energy  to  invention. 

Of   the   Composition  and   Decomposition   ot 

Water.*  * 

Until  very  lately  this  fluid  has  been  always 
confidercd  as  a  fimple  fubftance.  The  experiments 
of  Mr.  Lavoifier,  which  I  have  related  to  you  in 
a  former  Le&ure,  has  induced  many  to  confider  it 
as  a  compound,  confiding  of  inflammable  and  vital 
airs :  in  other  words,  that  the  whole  mafs  of  any 
quantity  of  water  may  be  converted  into  inflam- 
mable and  vital  air :  and  that  the  combuftion  of 
thefc  airs  produces  a  volume  of  water  proportioned 
to  the- weight  of  the  airs  employed  in  the  experi- 
ment. Though  I  have  already  fhewn  you,  that  the 
experiments  of  Mr.  Lavoifier  and  the  French  che- 
mifts  by  no  means  warrant  the  deductions  thev 
have  made  from  them,  yet  as  they  have  made  thefc 
experiments  the  bafis  of  a  new  fyftemof  chemiftry, 
and  have  invented  and  appropriated  a  new  fct  of 
terms,  in  order  to  propagate  it  more  readily*,  it 
will  be  neceflary  in  this  place  furtheV  to  inveftigkte 
the  fubjed. 

B  a  Thar 

•   Dr.  Prteftley's  Observations  and  Experiment*  oa  Ait. 
Keir'f  Chemical  Di&ienary. 
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That  their  experiments  do  not  authorize  theif 
Conclofion,  appears  from  this,  that  when  vital  and 
inflammable  airs  are  decompofed  by  heat,  we  find 
both  from  the  experiments  of  Dr.  Pricftfey  and  the 
French  chernifts*  that  the  nitrous  acid  is  always 
formed;  and  though  this  acid  has  been  faid  to 
come  from  the  phlogifticated  air,  which  could  hot 
be  wholly  excluded  in  the  procefs,  there  arc  feverat 
tonfiderations  that  prove  die  acid  could  not  have 
this  fource ;  the  more  fo,  as  this  procefs  does  not 
at  all  decompofe,,  or  in  the  fmalkft  degree  affe& 
phlogifticated  air. 

In  what  ever  manner,  fays  Dr.  Priefttey,  vital 
and  inflammable  air  be  made  to  unite,  Jomt  acid 
is  produced,  and  in  no  cafe  pure  water.  If  iron* 
•containing  phlogiftoh*  be  heated  in  vital  air';  or  if 
precipitate  per  ^  containing  vital  air, i>e  heated  h* 
inflammable  air,  fix ediair  is  always  formed  C  whereas^ 
according  to  the  modern  hypothefis,  water  ought 
only  to  be  produced  in  both  cafes* 

Witer,  they  aflert,;  is  always  decompofed  when 
it  is  made  to  pais  ever  red-hot  iron;  the  iron  accord- 
ing to  their  opinion  imbibing  the  acidifying  prin- 
ciple, the  remainder  going  off  in  inflammable  air* 
Now  it  is  unfortunate  for  this  hy pot hefis>. that  na 
•fubftances  will  anfwer  for  this  experiment,  except 
<fccji  as  have  always  been  confidered  as  containing 
'phlogifton.  It  is  therefore  moft  probable  to  fup~ 
pofe,  that  the  inflammable  air  is  formed  by  the 
.phfogifton  from  thefe  fubftances,  water  beings  the- 
bafe;  and  that  if  any  part  of  the  fubftance  remain 
and  acquire  weight,  it  receives  that  additional 
weight  from  water  only.. 

That  phlogifton  is  an  element  of  water  feema 
probable,  i  ft,  becaufe  water  condu&s  cledtricity  like 
metals  athd  charcoaF,  into  which  the  fame  princi- 
ple enters \  and  2dly,  becaufe  when  frefh  diftilled 
it  attracts  vital  air  from  the  atmofphere,  which  &- 

aHa 
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alfo  a  prpperty  of  other  bodies  containing  phlo- 
^ifton.  In  this  fenfe  it  may  be  faid  to  contain  both 
the  principlesof  the  new  theory,  though  it  iaafenfc 
{hat  entirely  overthrows  that  theory. 

Without  however  entering  more  minutely  intp 
this  investigation,  it  is  fufficient  to  obferve,  th 
the  formation  of  nitrous  acid  from  the  combuftioft 
of  inflammabfo  and  viral  airs,  clearly  proves  that 
uateris  not  a  compound  of  tbefe  air i ;  or  that  it  is  only 
in  a  certain  proportion  of  theft  ingredient  s¥  while 
notber  proportion  yields  nitrous  acid* 

For  by  admitting  the  formation  of  the  nitrous 
acid  from  the  fame  fluids,  the  argument  for  the 
compofition  of  water  drawn  from  the  complete 
fubftitution  of  an  equal  w  eight  of  w  ater  to  that 
of  the  airs  which  disappear  by  combuftion,  no  lon- 
ger ex i Its ;  and  as  the  appearance  of  a  large  quan- 
tity of  water  in  tbefe  experiments  is  readily  ex- 
plained from  the  precipitation  of  the  water  which  * 
is  known  to  be  fufpended  in  thefe  elaftic  fluids,  or 
which  even  make  a  neceflary  part  of  their  compo- 
fition, no  facft  remains  on  which  the  hypothecs  of 
the  formation  of  water  from  any  proportion  of  in- 
flammable and  vital  air  is  grounded.  The  funda- 
mental experiment  of  this  do&rine,  namely,  the 
equal  fubftitution  of  water,  and  nothing  but  water, 
to  the  airs  which  difappear,  being  removed,  the 
jiruSure  with  all  it's  ornaments  muft  fall,  and  no 

I  other  veftige  w ill  remain  but  the  ingenuity  and  (kill 
of  the  art i  ft. 


Or  Water  in  a  Fluid  Stat*. 


Water  is  confidered  as  a  pellucid,  colourlefi 
fluid,  taftelefs,  and  without  fmcll,  nearly  incom- 
credible,  and  elaftic  only  in  a  fmall  degree.  It  ad- 
heres to  the  fubftanccof  mod  bodies,  but  penetrate* 
and  incorporates  with  a  ftill  greater  number.  It 
B  3  extinguifties 
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extinguifhes  flame.  It  is  capable  of  pafling  through 
various  ftates  of  aggregation,  from  the  folidity  of  ice 
tb  the  tenuity  of  vapcu  r. 

'  Many  have  conlidcred  ice  as  the  natural  (late 
ejf  water,  and  the  fluidity  thereof  as  a  ftate  of  vio- 
lence, or  as  ice  kept  in  continual  fufion,  and  return- 
ftig  to  it's  former  ftate,  when  deprived  of  a  certain 
quantity  of  fire.  Were  you  to  define  lead  and 
water,  you  would  call  one  a  folid,  the  other  a  fluid, 
cfteeming  thcfe  their  natural  condition.  Yet  if 
water  be  not  afted  upon  and  combined  with  a  cer- 
tain quantity  of  fire,  it  becomes  a  folid.  We  call 
that  ftate  natural  which  falls  immediately  under 
our  obfervation.  If  we  had  lived  in  Saturn,  wq 
fhould  have  given  but  one  name  to  ice  and  water,  al- 
though we  might  now  and  then  have  feen  it  liquified 
in  fummer ;  and  on  the  other  hand,  had  we  been  born 
in  Mercury,  we  fhould  have  deemed  lead  a  fluid. 
%*'  *The  particles  of  water,  though  moveable 
amongft  themfelves  with  the  greateft  eafe^  yet  ad- 
here together  with  a  certain  force ;  thus  a  drop  of 
water  remains  fufpended  at  the  end  of  the  finger^ 
although  the  inferior  particles  only  touch  other  parT 
tides  of  the  fame  fluifl.  This  adherence  of  the  par- 
ticles prevents  fmall  needles,  or  very  thin  plates  of 
metal  from  finking  therein,  as  they  refift  divifion 
more-  than  the  excefs  of  the  fpecific  gravity  of 
thefe  bodies  over  a  relative  volume  of  water. 

Water  can  only  be  compj-efled  in  a  very  fmall 
degree,  fo  fmall  that  it  may  in  general  be  confidercd 
as  incompreflible,  as  will  be  evident  to  you  by  con- 
fide  ring  the  Florentine  experiment  which  I  have 
already  mentioned  to  you.  That  it  is,  however, 
eompreffible  in  a  fmall  degree,  may  be  proved  by  an 
cafy  experiment:  put  water  into  a  bottle  with  a 
ftcm  niceljrgraduated/  obferve  the  degree  at  which 
jtftands,  and  place  the  bottle  under  the  receiver  of 
jtn  air-puinp,  and  exhauft  the  air  therefrom ;  when 

the 
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vapour  on  the  outtide  of  the  vell'el  in  which  it  u 
contained.  Thelc,  And  other  Appowuu  c*  ot  the 
fame  kind  are  to  he  explained  on  the  lame  princi- 
ple. When  warm  air  oetome*  lonhguoiu  to  the 
outwnid  lurliue  ol  a  vellcl  tuninimng  (old  IU 
ipim,  tlte  tire  by  which  the  water  i«  fulpcndcd 
in  the  air,  and  quitH  ami  pallet  through  the  vellel 
into  the  liquor,  to  rclloic  it  to  the  temperature 
pi  the  lIiii  r,  and  the  water  coifing  to  he  ( impend- 
ed in  tne  air,  attaches  iilclf  to  the  furfacc  of  the 
told  vellel. 

Another  method  of  proving  the  cxiOcnce  of 
water  in  the  cleared  mi,  it,  to  ohferve  the  ill- 
i  re  ale  ol  :tr/j»A/,  which  certain  bodie*  acquire  hy 
expofurc  10  tne  open  nil1.  IV.  Wat  Ion  put  into 
the  open  air  eight  ounce*  ol  (nit  ol  taitar,  which 
bad  hren  well  third  on  a  hot  irom  tlu-  day  wan 
without  a  cloud,  the  barometer  at  ;|<i  im-he.*  1  in 
the  Ipaic  of  |hne  houru,  Irom  11  to  :  in  the  af- 
ternoon, the  lali  hud  incrcafed  two  nunux  in 
weight.  In  (he  comic  ol  a  lew  day.'i  if*  weight 
was  nu  rented  to  jo  ounce* ,  it  v  ai  then  quite 
fluul,  and  being  diddled*  U  yielded  u  purr  water, 
equal  in  weight  nearly  to  tin  inrreale  it  had  Ac- 
quired Irom  1  he  jiii.  Strong  and  of  vituol  in 
^mother  body,  whieh  abforh*  humidity  ilrongly 
irom  the  air.  An  ounc  e  ol  thin  iu  id  ha*  been  oil- 
ier ved  to  gain  in  twelve  mouth.?  ubovc  lix  timet 
iy$  ovn  weight. 

The  im  reafc  of  weight  experienced  by  tlic 
human  body  (in  many  uiicN  Irom  ihe  witter,  which 
the  |vore«  uUthc  body  fuck  in  Irom  the  ail)  i*  an- 
other \cry  fenlible  prool  o\  the  great  quantity  oj" 
wain  liilpendcd  in  the  air,  'I  he  liillmp  ol  1X111- 
dull  mention*,  among  many  influx  r*.  one  of  a 
puj,  at  Newmarket,  a  |rw  year*  ago,  vAwn  V****n^ 
1  Uurved,  iti  ordei   that  \\v    \xnv^v** 
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were  imprefled  with  a  notion  of  it's  being  the  firft 
principle  of  iinivcrfal  life.  It  feems  to  be  univerfaily 
diffufed.  And  it  will  be  eafy  to  convince  you  of 
t£e  great  quantity  contained  in  the  air.  You 
may  be  faid  to  walk  in  an  ocean ;  the  water  in^ 
deed  of  this  ocean  does  not  become  the  objedt  of 
pur  fenfes,  we  cannot  fee  it,  nor,  whilft  it  continues 
thus  fuftained  in  the  air,  do  we  feel  that  it  wets  us; 
tut. it  is  ftill  water,  though  it  is  neither  vifible  nor 
tangible;  juft  as  fugar,  when  diflblved  in  water,  is  ftill 
fugar,  though  we  can  neither  fee  it,  nor  feel  it.  Some 
are  puzzled  to  find  water  enough  to  form  an  univer-f 
fal  deluge ;  ^  to  aflift  their  endeavours  it  may  be  re* 
marked,  that  we,re  the  whole  precipitated  which  is 
contained  in  the  air,  it  might  probably  be  fuflScient 
to  cover  the  furface  of  the  whole  earth  to  the  depth 
pf  above  39  feet.  If  a  bottle  of  wine  be  fetched 
pot  of  a  cool  cellar  in  the  hotteft  and  drieft  cJay  of 
fummer,  it's  furface  will  foon  be  covered  with  4 
thick  vapour,  which  when  tafted  appears  to  be 
water.  This  watery  vapour  cannot  proceed  from 
any  exudation  of  the  wine,  through  the  pores  of 
fhe  bottle,  for  the  glafs  is  impervious  to  water,  and 
the  bottle  remains  full,  and  when  wiped  dry  it  is 
found  to  weigh  as  much  as  when  taken  out  of  the 
^ellar.  The  fame  appearance  is  obfervabje  on  the 
outfidc  of  a  filver,  or  any  other  metallic  veflel,  in 
Which  iced  water  is  put  in  the  fummer  time ;  and 
}t  is  certain,  that  the  water  which  is  condenfed  on 
the  for  face  of  the  veflkl  does  npt  proceed  merely 
jfrom  the  moifture  exhaled  by  the  breathing  of 
tlie  people  in  the  room,  where  you  may  notice  the 
experiment,  becaufe  the  fame  effed:  will  take  place 
if  the  veflel  be  put  in  the  open  air,  Water  which 
is  cooled  by  the  folution  of  any  fait,  or  even  fpring- 
water  which  happens  to  be  a  few  degrees  colder 
f!)$j)  the  air,  produces  a  iimilaf  cpndenfation  of 

yapouf 

f  W^tfon's  Chemiftry,  vol.  iii,  p,  2yf 
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vapour  on  the  outfide  of  the  vcflel  in  which  it  is 
contained,     Thefe,  and  other  appearand  cs  of  the 
Aroc  kind  are  to  be  explained  on  the  lame  princi- 
ple.    When  warm  air  becomes  contiguous  to  the 
outward    l;  riace  of  a  vcficl  containing  cold   1U 
WTj  the  fire   by  which  the   water  is    fufp ended 
in  the  air,  and  quits  and  paflcs  through  the  veffel 
into  the  liquor,  to  reftore  it  to  the  temperature 
of  the  place,  and  the  water  ceafing  to  be  fufpend- 
cd  in  the  air,  attaches  iticif  to  the  furface  of  the 
cold  vefleL 

Another  method  of  proving  the  cxiftence  of 
Vater  in  the  c  lean-it  air,  is,  to  obfervc  the  in- 
afe  of  weight,  which  certain  bodies  acquire  by 
cxpofure  to  the  open  air.  Dr.  Watfon  put  into 
the  open  air  eight  ounces  of  fait  of  tartar,  which 
bad  been  well  dried  on  a  hot  iron;  the  day  was 
without  a  cloud,  the  barometer  at  30  inches  j  in 
the  fpace  of  three  hours,  from  n  to  2  in  the  af- 
ternoon, the  fait  had  increafed  two  ounces  in 
ght.  In  the  courfc  of  a  few  days  it's  weight 
was  increased  to  20  ounces  ;  it  v  as  then  quite 
fluid,  and  being  diftillcd%  it  yielded  a  pure  water, 
equal  in  weight  nearly  to  the  incrcafe  it  had  ac- 
quired from  the  air.  Strong  acid  of  vitriol  is 
Another  body,  which  abforbs  humidity  ftrongly 
from  the  air.  An  ounce  of  this  acid  has  been  ob- 
ferved  to  gain  in  twelve  months  above  fix  times 
it's  ov  n  weight. 

The  increafe  of  weight  experienced  by  the 
human  body  (in  many  tales  from  the  water,  which 
the  pores  of  the  body  fuck  in  from  the  air)  is  an- 
other very  fenfiblc  proof  of  the  great  quantity  of 
rr  fufpended  in  the  air,  The  Bill  op  of  Uan- 
daff  mentions,  among  many  inftances,  one  of  a 
lad,  at  Newmarket,  a  few  years  ago,  who  having 
been  almolt  ftarved,  in  order  tha:  he  might  be 
.d  to  a  proper  V  ajght   fur  riding  a  match, 

was 
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Of  Water  as  mued  and  combined  with  Bopiis, 

You  may  confider  the  water,  that  is  in  bodies, 
in  two  dates,  either  that  of  (imple  mixture*  of 
that  of  combination. 

In  the  firft  ftate,  it  renders  bodies  Mimid,  is 
perceptible  to  the  eye,  and  may  be  difengaged  fronj 
them  with  facility^ 

In  the  fecond  (late,  it  exhibits  no  chara&cr 
whereby  you  can  difcovcr  that  it  is  thus  Combined* 
It  exifts  in  this  form,  in  cryftals,  falts,  plants, 
animals,  &c. 

Water,  exifting  in  a  date  of  combination, 
concurs  in  imparting  to  them  hardnefs ;  and  th? 
tranfparent  falts,  and  moft  ftony  cryftals  lofe  their 
tranfparency,  when  they  are  deprived  of  the  wate? 
of  cryftallization.  Many  bodies  are  indebted  tp 
water  for  their  fixity ;  the  acids,  for  example,  only 
acquire  fixity  by  combining  with  water.  Water, 
when  mixed  with  earth  or  allies,  is  formed  into  a 
veffel,  which  when  baked  will  bear  the  utmoA 
force  of  the  hotteft  fire  that  art  can  contrive* 
Thus  you  fee  a  body,  whofe  fluid  and  diflblving 
qualities  are  fo  obvious,  giving  confidence  and 
hardnefs  to  fill  the  fubftances  of  (he  earth.  In 
this  (late  nature  often  unites  it  to  bodies,  with 
which  art  has  not  yet  learned  to  make  it  enter  intq 
Combination, 

Pure  water  will,  indeed,  unite  immediately 
only  with  a  certain  number  of  fubftances;  but 
jifter  being  united  with  thefe,  it  becomes  capable 
pf  diflblving  other  fubftances  in  a  fuccelfion,  whofe 
limits  we  cannot  determine,  becaufe  the  further 
we  advance  in  the  knowledge  of  fubftances,  the 
greater  reafon  we  have  for  perceiving  our  igno- 
rance of  the  number  which  exift  diftindiy,  and  of 
%tfc  intimate  ingredients  even  of  thofe  that  are 
3  _  known. 
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prn.  Water  is  the  bafc  of  all  menftrua :  we 
concentrate  them  to  a  certain  point  by  evapora- 
tion; but  beyond  this  point  the  liquid  either  pro- 
duces nothing  but  vapour,  or  ei capes  entirely* 
An  eflential  part  of  the  art  of  chemijlry  contifts  in 
the  compofition  of  menftrua*  and  in  the  precipita- 
tions operated  therein:  in  thefe  proccfles  water  it- 
fclf  often  enters  into  new  combinations.  If,  in  his 
operations,  the  chemift  falls  upon  any  lucrative 
procefs,  of  which  he  himfelf  is  ignorant  of  the 
intimate  caufes,  he  makes  ijecretjol  it.  But  ho\r 
mmy  fuch  fecrets  are  to  be  found  among  the  ope- 
rations of  nature  ?  How  many  that  will  be  con- 
cealed from  us  forever,  becaufe  the  primitive  fub- 
ftances are  arrived  at  a  ftate  that  cannot  be  changed 
by  the  agents  of  the  prefent  operations  in  nature. 

When  water,  by  a  fueccflion  of  diffblutions* 
contains  different  fubftances,  they  may  6e  futccf- 
fively  precipitated,  in  two  ways,  by  the  diflblution 
of  new  fubftances,  or  by  the  cniiffion  of  expansible 
fluids,  fome  of  whofe  ingredients  were  united  with 
the  fubftances  in  the  liquid*  Ancient  chemifts 
knew  fcarce  any  thing  of  this  laft  procefs,  nor  of 
the  various  combinations  of  fire  and  light.  It  it 
lo  modern  difcoveries  on  thefe  heads,  that  we  are  in- 
debted for  the  prefent  advancement  of  thefe  fcien- 
ccs;  but  if  the  chemift,  in  thefe  purfuits,  negkds 
the  ftudy  of  meteorology  and  geology,  both  for 
directing  his  inve (ligations  of  the  nature  of  ex* 
panfible  fluids,  and  appreciating  his  decilions  on 
the  intriniic  nature  of  fubftances,  he  will  run  the 
rilk  df  accrediting  errors  by  the  very  fads  Ivhich 
jhould  have  feparatcd  him  from  them,  * 

tWarer  may  be  conlidered  as  a  kind  of  general 
cut.     Theftones  and  faks,  which  arc  deprived 
of 

•  See  De  Luc'i  Letters,  dans  h  ^Journal  <k  Phyfwjue,  for 
91-58,  Jbc. 
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of  it ,  become  pulverulent,  and  fall  away  into  i 
mafs  of  fhapclefs  dufh  Water  facilitates  the  coa- 
gulation, re  union,  and  confidence  of  the  parti- 
cles of  (tones,  of  fa  Its,  &c_  as  you  alfo  fee  in  the 
operations  performed  with  planters,  lutes,  mor- 
tar, &c 

The  ftock  of  water  afforded  by  the  driert 
bodies  is  furprifing  ;  hartfliorn  kept  forty  years/ 
and  thereby  become  as  hard  and  dry  as  any  metal* 
fo  that  if  ft  ruck  agamlt  a  flint,  it  would  givef 
fparks  of  fire ;  upon  being  diftiflcd,  afforded  on€ 
eighth  part  of  it's  quantity  of  water. 

For  a  coniidcrable  time  waiter  was  thought 
to  be  a  fluid  earth.  The  earthy  refidue,  left  after 
the  diftillation,  trituration,  and  putrifa<5tion  of  wa- 
ter, gave  credit  to  the  opinion  that  it  was  convert!-* 
tie  into  earth.  Mr,  Lavoifter  has  ftiewn,  that  thia 
earth  arifes  from  the  wear  of  the  veflels ;  and  Seheele 
has  proved  the  identity  in  the  nature  of  the  earth 
with  that  of  the  vcflcl-s  in  which  the  operations 
Were  made. 

In  a  fluid  ftate  water  combines  fo  eafily  with 
other  fubftances,  that  it  is  never  to  be  found  in  2 

{>ure  ftate ;  the  moft  genuine  is  mixed  with  exha- 
ations,  and  diflblutions  of  various  kinds.  Rain- 
water, which  is  a  fluid  of  nature's  own  diftifting, 
and  which  has  been  raifed  fo  high  by  evaporation, 
is  nevcrthclefs  a  very  mixed  fubftance,  impregnated 
•with  exhalations  of  all  kinds;  falts,  fulphurs,  and 
metals,  are  combined  with  it.  Mr.  Chaptal,  from 
.experiments  made  at  Montpcllier,  found  rain-wa- 
ter in  ftormy  weather  more  impure  than  that 
which  came  in  gentle  (howcrs ;  the  water  which 
falls  firft,  is  lefs  pure  than  that  which  falls  after 
feveral  hours  or  feveral  days  rain;  that  the  water 
\yhlch  fell  when  the  wiiid  blew  from  the  fea  to  the 
fouthward,  contained   fea-falt,  while  that  which 

was  produced  bv  a  northerly  wind  did  not  contain 

f '  — Nv  ^aiingle 
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t  fingle  particle.  The  water  caught  pouring  from 
the  tops  of  houfes  is  impregnated  with  the  fmoak 
of  the  chimnies,  the  vapours  of  the  flates  and  tiles, 
and  with  fuch  impurities  as  birds  and  animals  have 
depofited  there.  It  is  the  fame  with  river-water; 
plants,  minerals,  and  animals,  all  contribute  their 
fhare  to  add  to  it's  impurities ;  wherever  the  dream 
flows,  it  receives  a  tin&ure  from  it's  channel.  Of 
the  various  river- waters,  thofe  of  the  Indies  and  the 
Thames  are  faid  to  be  the  lighted  and  molt  whole- 
fome. 

Waters  in  general  are  fuppofed  to  be  more  pure 
as  they  are  more  foft ;  fnow-water  is  very  foft ;  rain- 
water comes  next  to  it ;  fpring-watcr,  though  the 
cleared  and  mod  tempting  of  all  to  look  at,  is  the 
lead  pure,  and  of  all  others  the  lead  fit  for  com- 
mon ufe.  Spring-water  is  pure,  or  polluted,  in 
proportion  as  the  earth  through  which  it  dreams  is 
more  or  lefs  impregnated  with  fulphur,  faltct  arfenic, 
minerals,  &c.     Thofe  that  are  drained  through  a 

•  fandy  foil,  free  from  faline  or  metallic  fubdances, 
are  the  pured.  The  eye  is  no  adequate  judge  on  this 
occafion.  It  will  indeed  teach  you  not  to  drink  or 
ufe  foul  or  dirty  water,  but  it  will  leave  you  in  the 
dark  as  to  thofe  contents  of  the  water  which  may 
be  fufpended  in  it  imperceptibly.  Tranfparency 
is  certainly  a  very  agreeable  quality  in  water,  but 
cannot  be  relied  on  as  a  proof  of  falubrity,  for 
fea-water  is  as  tranfparent  as  that  which  is  frefln 
The  water  of  dagnate  lakes  and  pools  is  in 
general  very  impure,  and  may  be  considered  as  * 
jelly  of  floating  infedts,  the  whole  teeming  with 
(hapelefs  life,  growing  more  fruitful  by  increafing 

,  putrifadtion,  forming  a  mafs  of  corruption,  dif~ 
plcaiing  to  the  fenfe  and  injurious  to  the  health. 

The  atmofphere  itfelf  may  be  looked  upon  not 
only  as  the  general  receptacle  of  all  aqueous  ya- 
yours,  but  lUcewife  of  all  mineral  exhalations  of 

the 
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of  waters,  occupying  the  central  parts  of  our  globe* 
It  aflerts,  that  ali  the  phenomena  of  fprings  are 
chiefly  derived  from  the  vapoury  veins,  and  iilues 
of  this  great  abyfs,  into  which  they  are  all  re- 
turned ;  and  that  a  perpetual  circulation  and  equa- 
lity is  kept  up,  the  fprings  never  failing,  and  the 
fea  by  reafon  of  it's  communication  with  the  fub- 
ttrranean  waters  never  overflowing. 

From  the  carlieft  ages  thefc  phenomena  have 
engaged  the  attention  of  every  inquilltive  mind, 
"The  fun  arifeth,"  fays  Solomon,  "and  the  fun  go^ 
cth  down,  and  pants  for  the  place  from  whence  he 
arofe.  AM  things  arc  filled  with  labour,  and  man 
cannot  utter  it,  All  rivers  run  into  the  fea,  yet 
the  fea  is  not  full.  Unto  the  place  whence  the 
rivers  come,  thither  they  return  again.  The  eye  is 
not  fat  is  Bed  with  feeing,  nor  the  ear  with  hearing,'* 
At  fo  early  a  period  was  curjofity  employed  in  ob- 
serving thefe  great  circulations  of  nature.  The 
inquiry  whence  rivers  are  produced*  whence  they 
derive  thofe  unceafing  flows  of  water,  which  are 
continually  enriching  the  world  with  fertility  and 
verdure,  has  been  variouily  confidered,  and  divided 
the  opinions  of  mankind.*  But  as  the  two  above** 
mentioned  theories  are  thofe  which  generally  pre- 
vail, and  to  which  mod  others  may  be  reduced, 
wc  fhall  only  examine  their  merits. 

"  It  fecms  almoft  unkind  to  difenchant  the 
beauties  of  the  profpeft,  which  the  firft  of  the  two 
foregoing  theories  prefents  to  our  minds.  A  ro- 
mantic imagination  can  form  nothing  more  ftriking 
than  this  unceafing  rotation  of  waters ;  clouds  arifing 
from  the  ocean,  travelling  till  they  dafti  againft  the 
tops  of  the  higheft  mountains,  then  defcending 
feebly  in  little  itreams  down  their  fides,  entering 
the  fuhterranean  caverns  of  the   earth,  burfting 

forth 

*  Goldfroith's  Hill,  af  the  Earth,  vol.  i.  p.  i  j*. 
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forth  into  fprings,  and  at  lafl  aflembling  into  ri- 
vers, which  carry  the  united  torrent  again  to  it's 
parent  ocean."  This  is  amufing  fpcculation,  but 
alas!  it  is  but  fpeculation,  and  is  fo  preffed  with 
difficulties,  phat  a  more  perfed  theory  is  highly 
defirable. 

Calculation  has  been  prefled  to  favour  this 
fyftem,  and  fo  great  a  quantity  of  evaporated  water 
contrived  to  lupport  it,  that  if  it  fell,  would  drowq 
jnftead  of  refreshing  our  earth. 

That  the  rain  and  vapour  which  fall  upon  the 
?arth  are  inadequate  tp  the  folutipn  of  the  phenp*? 
rocna,  and  cannot  ppflibly  account  for  the  origin 
of  fprings  and  fivers  will  be  made  evident  to  you 
from  a  variety  of  confederations.  Monf.  Gualtieri, 
by  comparing  the  rivers  of  a  country  with  the  rain? 
that  fall  upon  it,  has  {hewn  that  after  making 
more  allowances  th?n  are  reafonable  in  favour  of 
the  evaporating  hypothefis,  they  exceed  the  rain 
in  quantity ;  he  has  alfo  fluewn,  that  jt  is  utterly 
impeffible  for  f he  rain-water  to  keep  up  the  conti- 
nual courfe  of  rivers  and  fprings.  The  waters  dif- 
charged  by  the  rivprs  of  Italy  into  the  fea,  are  tQ 
jthe  rail}  which  falls  upon  the  land,  as  ^5  tp  27,  that 
ji,  piprc  than  twfce  thje  quantity. 

The  earth  is  conftantly  moiftened  to  a  greater 
depth  than  thje  rain  of  (he  year  will  account  for. 
Mr.  Pp  Ja  Hire  broughf  this  hypothefis  to  the  teft 
pf  experiment,  by  examining  the  moft  eflentiai 
article  thereoh  namely,  the  depth  thjt  rain  an4 
fnow-w^fer  did  really  defcend  into  the  earth*  To 
fcptowthis,  he  dug  a  hole  in  the  lower  terraceofthe 
pbfervatory  at  P^ris,  and  placed  therein,  eight  feet 
underground,  a  large  leaden  bafon,  a  little  inclined 
towards  one  of  it's  angles,  to  which  was  foldered 
ft  pipje  12  feet  long,  which,  after  a  confiderable  dc- 
fcerit,  reached  into  an  adjoining  cellar.  After  hav- 
ing covered  thp  head  of  the  pipe  with  feveral  flint? 

.        "    '  •      C    2  ,0f 
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af  different  fizes,  to  prevent  the  orifice  from  being 
flopped,  he  threw  in  a  quantity  of  earth  to  th# 
depth  of  eight  feet ;  the  earth  was  of  a  nature  be- 
tween land  and  loam,  and  thus  cafily  permeable  by 
water.  He  judged,  that  if  rain  or  fnow-watcr  pene- 
trated the  earth  to  the  depth  that  fome  fprings  arc 
found  at,  (uhich  in  digging  uells  and  mines  are 
difcovcred  to  be  at  all  depths  from  8  to  800  feet,) 
©r  tifl  they  meet  with  the  firft  clayey  or  compact 
ltratum  to  Hop  them  j  that  if  this  were  the  cafe 
there  would  foon  be  a  fpring  burfting  forth  through 
the  leaden  pipe  into  the  cellar.  But  on  the  con- 
trary, after  having  kept  the  bafon  in  this  fituatiorr 
for  no  lefs  than  jiftcat years  >  and  the  ground  all  the 
uhile  expofed  openly  to  all  the  rains,  fnow,  or  va- 
pours that  might  fall,  yet  he  could  not  obferve 
that  a  fingle  drop  of  water  had  ever  palled  through 
ttc  leaden  pipe  into  the  cellar* 

At  the  fame  time  that  Mr.  De  la  Hire  com- 
menced the  above  defcribed  experiment,  he  placed 
another  bafon  about  eight  inches  under  ground,  and 
chofea  place  where  the  rain  and  vapours  might  fall* 
and  yet  the  ground  be  fcreened  from  the  heat  of  the 
fan  and  the  art  ion,  of  the  wind ;  taking  care  to  pull 
up  the  grafs  and  herbs  that  grew  over  the 'bafon; 
that  all  the  water  which  fhould  fall  on  the  ground 
might  pafs  uninterrupted  to  the  bottom  of  the  bafon, 
wherein  there  was  a  little  hole  with  a  tube  to  con- 
vey the  water  to  another  veflel.  In  eight  months, 
that  is,  from  the  nth  of  June  to  the  ioth  of  Febru- 
ary following,  no  water  came  by  the  tube,  and 
though  it  began  to  run  on  the  19th  of  February, 
this  w  as  entirely  owing  to  the  great  quantity  of 
fnow  which  had  fallen,  and  was  then  melting.  From 
that  time  the  earth  in  the  bafon  w*as  always  very 
moift,  though  the  water  would  only  run  a  few 
hours  after  raining,  and  it  ceafed  running  when  the 
quantity  falling  was  drained  off.  k 

•  A  year 
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A  year  after  he  repeated  the  fame  experiment, 
fcut  buried  the  bafon  Jlxteen  inches  under  ground, 
taking  care  that  there  was  no  grafs  on  the  ground, 
fend  that  it  might  be  fcrcened  from  the  fun  and 
.wind;  the.effe<9:  was  much  the  fame  as  before,  ex- 
cepting  that  when  a  confiderablc  time  pafTed  with- 
out raining,  the  earth  would  grow  a  little  dry,  fo 
•that  a  moderate  rain  coming  on  it  would  noJ 
moiften  it  fufficiemly  to  make  it  run. 

The  confomption  of  moifturc  by  vegetables. 
and  the  fruits,  is  much  gwtfer  than  has  been  com- 
monly fuppofed,  or  generally  allowed  *for;  fo  great, 
that  all  the  rain  that  falls  is  not  fufficient  to  fup- 
ply  them  with  the  quantity  equal  to  what  their 
growth  demands.  Mr.  de  la  Hire  planted  herbs  on 
the  ground  over  the  bafon  mentioned  in  the  lad 
experiment,  and  found  that  when  thefe  were  grown 
up  a  :little,  the  ground  was  fo  far  from  fending  any 
water  after  rain,  that  all  that  fell  was  not  fufficient 
tofujlain  them,  but  that  they  would  droop  and  wi- 
ther unlefs  jefprinkled  from  time  to  time  with  water. 
Dr.  Hales  found,  that  a  plant  in  2ii  days  drew  oft" 
*U  the  water  of  the  earth  on  which  it  grew,  fo  that 
without  a  farther  fupply  from  beneath  it  would 
pqrilh  after  that  period ;  -and  yet  he  has  made  no 
allowance  for  what  the  earth  in  queftion  perfpircd 
at  the  fame  time  in  vapour.  Thefe  con  tidcrat  ions, 
which  might  be  fuppoirtcd  by  many  more,  abun- 
dantly peeve,  not  only  that  rain-water  fcarcely  pc- 
jietrates  fo  far  as  two  feet,  but  that  the  quantity 
Vhich  falls  is  jiot  fufficient  to  furnifh  what  is  re- 
quisite for  the  growth  of  vegetables ;  fo  that  we 
jniift  call  in  fome  foreign  afliftance  for  their  fupport. 

There  are  fprings,  and  thofe  common  every 
where,  fo  equal  and  conftant  in  yielding  their  water 
at  all  feafons,  and  which  are  neither  affected  by 
ra^ns  nor  .droughts,  that  we  cannot  fuppofc  them  to 
Jbe  dependent  on  thefe  for  caufes.     The  Reverend 

C  3  Mr. 
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Mr-  Derham*  dcfcribcs  one  fuch  under  his  own 
infpedtioiij  which  was  by  no  means  confiftenc  with 
the  hypothefis  of  rain  and  vapour. 

There  are  fprings  alfo  too  near  the  fummits  of 
the  higheft  grounds  in  the  country  to  derive  them- 
felves  by  defcent  from  the  water  which  falls  on  the 
furface  of  the  ground,  there  being  no  declivity 
adequate  to  the  purpofe* 

The  evaporation  from  the  fea  being  con- 
denfed  by  high  mountains,  and  foaked  in  there,  is 
by  no  means  fufficient  for  the  production  of  fprings 
and  rivers  ;  f  for  whatever  efledfc  this  vapour  may 
feem  to  have  in  fouthern  climates,  and  in  iflands 
placed  in  the  middle  of  the  ocean}  it  cannot  fairly 
be  applied  to  the  fprings  of  inland  countries  and 
northern  climates.  Nor  have  the  advocates  for  this 
hypothefis  confidered,  that  where  the  evaporation 
of  the  day  is  fo  copious*  the  dews  of  the  night 
which  fall  agairt  on  the  faine  furface  (fea  or  land) 
ftre  nearly  in  the  fame  proportion;  fo  that  much 
lefs  has  been  gained  in  this  way  than  has  been  ge- 
nerally fuppofed*  Dr.  Derham  fhews  alfo,  that 
fprings  ocjcui-  in  great  plenty,  Ind  are  conftant  in 
their  courfe*  even  in  times  of  the  greateft  drought, 
"Where  the  cbuntry  is  in  general  very  low,  and  theri 
ire  no  mountain  tops  to  condenfe  the  vapours. 

The  vapours  and  rain  fall  alfo  upon  the  fea  a$ 
well  as  upon  the  land ;  and  the  furface  of  the  ocean 
is  confidered  to  be  as  large  again  as  that  of  the  dry 
land:  fo  that  we  may  juftly  fuppofe*  that  two  thirds 
of  whatever  is  raifed  in  vapours  returns  from 
whence  it  came  without  falling  upon  the  dry  land. 

No  one  will  deny  that  rain  and  melted  fnow 
will  produce  many  temporary  fprings,  and  increafe 

thfe 

*  Philol*.  Tranf.  fao.  289,  and  313. 

t  Memoirs  of  Liferature,  Aug.  1725.     Jones's  Phyfiological 
Ciicjuintions,  p.  490.     Catcott  on  the  Deluge,  p.  174* 
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thcdifcharge  of  rivers;  but  this  is  a  partial  confi- 
deration,  and  by  no  means  adequate  to  that  con- 
ltant  fupply,  and  to  that  valt  quantity  of  waters 
which  are  to  be  accounted  for,  and  which  are  eon- 
itly  in  action, 
1  (hall,  therefore,  now  confider  the  fubterra- 
ncous  ftore,*  and  the  vapours  that  arife  from  them. 
And  here  it  is  a  well  known  fact,  that  we  never 
fail  to  find  water  when  we  penetrate  deep  enough 
info  the  bowels  of  the  earth;   and  the  deeper  we 
go,  the    waters  occur  in   greater   plenty.      This 
does  not  look  as  if  their  itores  depended  upon  any 
accident  at  the  furface,  for  then  they  would  rather 
be  diminished  and  fail  us  when  we  work  lower,  their 
fupplie*  being -extended  according  to  this  account 
prings  and  rivers  upon  the  furface :  but  the  con- 
is  always  the  cafe;  therefore  the  fources  are 
t  above,  but  below.      This  conclufion  fecms  too 
vious  to  be  avoided.       In    linking  mines   it  is 
common  to  break  in  upon  veins,  and  fome- 
times  large  and  powerful  courfes  of  water  in  incre- 
dible quantities,  which  either  overflow  the  works, 
or  require  continual  affi fiance  to  drain  them. 

When  the  earth  is  cut  through,  it  yields  water, 
as  naturaLIy  as  the  body,  which  abounds  with  vcflels, 
yields  blood  when  it  is  wounded.  The  deeper  the 
wound  the  greater  is  the  effufion  of  blood,  becaufc 
the  largeft  channels  lie  deep,  and  the  largeft  of  all 
which  feed  the  reft,  are  placed  in  the  central  parts 
of  the  body.  Thus  it  is  with  the  body  of  the 
earth,  the  etfafions  of  water  obfcrvable  near  the 
furface  have  their  fupply  from  refervoirs  which  lie 
deeper,  and  they  in  their  turns  are  fed  by  larger 
and  deeper,  till  we  conic  to  the  grand  repoiitory 
C4  of 

Thofc  who  with  to  fee  ftrong  evidence  in  favour  of  thefe 
terraneous  (lores,  fhould  confult  Calcott  on  the  Ddu^e,  ini 
s's  Difquilitions,  p.  525, 


24      Lectures  on  Natural  fSutosomv, 

of  all ,  which   keeps  up  a  general  communication 
between  the  waters  of  the  hod  and  thofe  of  the  fea* 
Thofe  who  have  been  eye-witnefles  of  what 
paffeS  within  the  earth,  have  been    generally  of 
opinion,    that  fteam  and  vapour  is  in  continual 
action   there,  though   more   at   fome    times  than 
at  others  ;  that  there  is  frequently  a  very  feniible 
warmth  at  the  greateft  depths,  and  many  tokens  of 
moifturc  a  riling  upwards  from    the  lower   parts* 
Scheuchzer,  who  was  very  con  verflnt  in  thefe  re- 
fearches,  fays,  "  fir  miter  perfuafus   fum,    copio- 
illliiTius  ex  imis  montis  vifecribus  ad  eacumen  fub- 
levari    caloris    fubterra.net  ope  vapores  aqueos.*f 
Now  as  the  waters  of  the  fea  are  fait,  while  the 
fpring  waters  of  the   land  are   frefh,   and  confe- 
qucntly  lighten  a  column  of  fea  water  will  be  a 
counterpoife  to  an  higher  column  of  frefh  water* 
If  therefore  the  waters  of  deep  feas  have  any  com- 
munication with  the  land,  and  their  wrcight  hai 
due  tffleft,  water  finay  rife  to  any  required  height 
upon  ftatical  principles,  either  by  running  chan- 
nels* or  by  fap  and  percolation  ;  for  water  under* 
heath  a  mafs  of  dry  fand  will  be  foaked  upwards  li 
it's  furface.  *     Sir  Ifaac  Newton  tried  this  experi- 
ment on  a  tube  filled  with  dry  afhes,  and  found  thi 
water  afcend  through  them  with   eafc.      In   th< 
rocky  caverns  of  mountains  much  may  be  eftectec 
by  the  flow  afcent  of  fteam,  which  will  be  con- 
denfed  as  it  comes  near  to  the  air,  and  diftil  down- 
wards through  thofe  cracks  and  chafms  where  i 
finds  an  outlet. 

When  we  dig  for  fprings  in  fmall  iflands,  anc 
lands  lying  near  the  fea  coafts3  it  is  common  t< 
tind  veins  of  brackifh  water;  thefe  are  certainl; 
derived  from  the  fea.    The  water  that  is  more  re 

mote 

*  Since  Ihis  work  went  to  the  prefs,  a  machine  nas  bee 
bufelifned  for  puriiying  water  by  alcciit.  The  contrivance  i 
Mr,  Peace  ck*$. 
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mote,  and  at  a  greater  elevation  from  the  fea,  be* 
comes  frelh  by  degrees;  therefore  it  fweetens  in  it's 
progrefs  by  percolation.  Here  the  procefs  is  paU 
pabLe.  But  the  earth  being  full  of  open  veins  and 
Allures,  and  ftrata  of  loofe  and  permeable  matter* 
muft  have  a  communication  with  the  fea  to  great 
diftances;  gnd  where  the  diffynce  is  fo  great  that 
the  lateral  fupply  cannot  take  place,  thofe  deeper 
communications,  of  which  there  are  fo  many  evi- 
dences, will  never  fail  us ;  and  where  percolation 
cannot  reach,  the  fubtefraneous  vapdurs,  which  arc 
always  circulating,  muft  have  their  effedt. 

In  (hort,  wherever  you  dig  beneath  the  furface 
of  the  earth,  except  in  very  few  inftances>  water  is 
to  be  found,  and  it  is  probable  that  by  this  fub- 
terraneous  water  fprings  and  rivers,  nay  4.  great  part 
of  vegetation  itfelf,  are  fupportedw  It  is  this  fub- 
terraneons  water  raifed  into  fteam  by  the  internal 
heat  of  the  earth  that  feeds  plants.  It  is  this  fub- 
terraneous  water  that  diftilis  through  it's  inter* 
ftices,  and  there  cooling,  forms  fountains.  It  is  this 
that  by  the  addition  of  rains  isuncreafed  into  ri- 
vers, and  pours  plenty  over  the  whole  earth. 

This  rcafoning  may  be  illuftratcd  by  a  pleat- 
ing apparatus,  which  is  fold  in  our  fti-cets  by  the 
itinerant  Italians.  The  tube  is  about  three  feet  high, 
and  is  fixed  to  a  board,  the  tube  near  the  top  is 
globular,  and  will  hold  a  large  quantity  of  water, 
from  whence  it  is  continued  of  a  lefs  fize  to  the 
bottom,  where  it  is  curved  upwards,  and  annexed 
to  another  globe,  from  whence  proceeds  upwards 
another  fmaller  tube,  bent  in  an  irregular  mean- 
dering  manner  to  the  top,  where  it, is  curved  as  you 
fee  downwards,  and  is  joined  to  the  upper  globe. 
In  the  inlide  of  the  lower  globe,  one  part  of  the 
tube  is  fo  contracted  as  to  form  a  fit  paflagc  for  * 
fpring,  or  jet  d'eau,  to  arifc  from  it.  I  pour  co- 
loured water  into  the  tube  by  means  of  this  aper- 
ture, 
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ture,  letting  it  rife  therein  till  it  has  filled  the  up 
per  globe;  the  air  in  the  lower  globe  will  be  con 
denied  by  the  prefliire  of  the  water  endeavouring 
to  rife  to  it's  level,  the  readion  and  fpring  of  the 
air  will  impel  the  water  you  fee  upwards  through 
the  fmall  tube  and  all  it**  meanders,  and  make  it 
fall  into  the  upper  globe,  and  thus  caufe  a  conftant 
circulation  as  long  asany  water  remains  in  the  upper 
globe.  Now  if  you  fuppofe  the  upper  globe  to 
reprefent  the  fea,  the  lower  globe  to  rcprefent  the 
abyfs,  and  the  jet  d'eau  to  be  a  fpring  breaking 
out  therefrom  into  the  hollow  parts  of  the  earth, 
fcnd  from  thence  continued  through  fmall* winding 
fiflures  to  the  furfacc,  and  from  the  channels  of  the 
river  into  the  fea  again,  the  one  may  be  allowed 
to  be  a  proper  reprefentation  of  the  other,  and 
an  experimental  illuftration  of  the  poflibility 
fuch  a  circulation. 

Of  the  Saltness  of  theSia. 

No  fooner  have  we  endeavoured  to  difcufs  one 
-qucftion,  than  another  prefents  itfelf  for  our  con* 
federation,  one  for  which  philofophy  has  not  yet 
found  a  fatisfa&ory  folurion.  To  difcover  the  pri- 
mary caufe  of  that  peculiar  bitterifli  faltnefs  which 
characterizes  fea-water,  has  exercifed  the  natural- 
ifts  of  all  ages ;  and  Father  Kircher  long  fince  ob- 
ferved,  that  the  fluctuations  of  the  ocean  were 
fcarcely  more  various  than  the  opinions  of  men 
concerning  it's  falinc  impregnation.  Dr.  Halley,* 
who  often  endeavoured  by  weak  fpeculations  to 
iefTen  the  authority  of  the  Bible,  thought  he  had 
hit  upon  a  principle,  which  would  difcover  the 
caufe  of  the  faltnefs  of  the  fea,  and  carry  us  back 
almoft  with  demonftration  to  the  true  date  of  the 

creation. 

*  Phil.  Tranf.  No.  344.    Watfon's  Chemiftryi  vol.  ii.  p.  93. 

Jones's  Difquifukms,j>.  524. 
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Creation*  Hie  laid  it  down  as  a  principle,  that  th<£ 
water  pf  the  fea  derives  all  it's  faltnefs  from  the 
land,  that  a  (mall  portion  of  (alt  is  continually 
waftied  down  from  the  land  by  rivfcrsi  and  carried 
into  the  Tea*  which  has  gradually  acquired  it's 
prefent  quantity  of  fait  from  the  long  continued 
influx  of  rivers.  The  water  which  is  thus  carried 
into  the  fea  by  the  rivers,  is  again  feparated  from 
it  by  evaporation,  nothing  but  frefh  wsyter  rifei 
from  the  fea  in  vapours,  the  faltnefs  remains  be- 
hind. The  felt  thus  carried  into  the  fea  muft 
for  ever  remain  there,  it  hiuft  therefore  be  a  per- 
petually increafing  quantity,  and  the  fea  muft  every 
year  become  more  and  more  felt*.  If  therefore* 
fays  the  do&or,  the  increment  of  fait  could  be 
found  for  arty  given  term  of  years  or  ages,  we  fhould 
then  be  able  to  work  backwards  by  the  rule  of  pro- 
portion* and  difcovei"  the  time  when  the  fea  firft 
began  to  grow  fait ;  that  is,  when  the  world  began 
to  exift.  It  is  rather  mortifying  for  infidelity,  that 
the  problem  requires  ages  for  it's  folution.  The 
idea  of  falling  the  fea  with  frejb  water,  is  alfo  ra- 
ther uncommon,  but  worthy  of  a  fceptical  philo- 
fopber.  The  reafoning  is  defective  in  many  points* 
For  allowing  that  the  fea  evaporates  into  frefh  wa- 
ter, and  that  thus  the  fait  it  contains  is  left  behind* 
yet  we  are  ftill  no  nearer  than  before*  unlefs  while 
the  fea  is  iofing  frefh  water  by  evaporation,  you 
tould  (top  aU  the  rivers,  ft)  that  no  frefh  water 
might  bo  added  in  the  mean  time.  For  Dr.  Hal- 
ley  maintained*  as  you  faw  before,  that  as  muttt 
frefli  water  is  carried  to  the  fea  by  the  rivers  as  it 
lofes  by  evaporation,  that  the  rivers  therefore  will 
all  be  running  on,  and  bringing  in  frefli  water* 
while  the  vapour  is  riling  from  the  furface ;  thus 
you  fee  when  things  are  compared  together,  the  ar- 
gument will  end  in  a  cypher. 

The  poftulatum,  on  which  the  argument  is 
5     *  buil^ 
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built,  is  itfelf  erroneous,  as  it  fuppofes  the  wafeei 
jbf  the  ocean  was  frefh  at  the  beginning  #of  th< 
world ;  and  the  whole  inquiry  feems  to  be  after  tin 
caufe  of  a  phenomenon  which  has  probably  no  fe« 
rondary  caufe  at  all.*  The  fuppofition  that  thf 
water  of  the  ocean  was  originally  frefli,  is  an  opi< 
aiion  concerning  a  matter  of  fact,  which  can  neva 
be  proved  either  way ;  and  it  is  furely  extending 
fpeculation  too  far,  when  we  attempt  to  explain  < 
phenomenon  coeval  with  the  formation  of  the  earth, 
The  faltnefs  .of  the  fea  is  as  neceflary  to  the  confti- 
tution  of  that  element,  and  to  the  well-being  oi 
the  terraqueous  globe,  as  the  rcdnefs  of  the  blood 
is  neceflary  to  the  improvement  of  the  ferum  in  .the 
animal  fyftem.  The  fea  is  no  more  fait  by  chance, 
than  the  blood  is  red  by  chance.  It  is  a  wife  pro* 
vifion  of  the  Creator,  that  the  imnjeitfe  body  oi 
water  which  occupies  more  than  two  thirds  of  the 
globe  fhould  be  thus  faked  and  feafoned  for  it's  owr 
prefer  vation,  and  for  the  falubrity  of  the  atmofphere; 
on  which  account  the  ocean  is  falter  under  the 
torrid  zone,  where  the  heats  arq  more  pro<Judtiv< 
of  putrifa&ion,  and  the  faltaefa  decreafes  a?  wi 
approach  the  pole,  all  indicating  defign,  and  if  ii 
be  true  that  the  agitation  and  ventilation  of  the  fei 
is  not  fufficient  in  vaft  tra&s  and  deep  waters  tq 
keep  it  fweet  without  a  due  proportion  of  fait,  Dr, 
Halley's  fcheme  would  have  poifoncd  the  world. 

The  degree  of  faltnefs  in  the  fea  varies  in  the 
fame  place  at  different  feafons,  fometimes  at  dif- 
ferent depths. 

Dr.  AVatfon  informs  us,  that  from  fome  ex-i 
periments  made  in  a  voyage  from  England  tc 
Bombay,  in  the  Eaft  Indies,  that  the  weight  of  fea- 
water  was  the  greateft,  not  precifely  ?t  the  equator, 
but  where  the  lun  was  vertical,  and  where  in  fimi- 
lar  circumftances  the  heat  was  greateft;  fujd  thai 

th< 

•  Sec  Watfon's  Chcmiflry.    Jone's  Phyfiological  Pifquifitions 
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igbts  of  equal  bulks  of  Thames-water,  of  fca- 
at   Tenenffe,  and   at    St.  Jago,    were  659, 
673  *.,  780  J  grains,  the  proportion  of  which  num- 
ber may  be  cxprefled  thus :  Thames  water  1000, 
TcneriiVe  fea-water  1022,    St.  Jago  fea-water  1184, 
1  general,  fea-water  poflefles  about  TV  or  ^3  of  it's 
eight  in  fait.      He  alfo  mentions  the  following 
iple  method  for  eftimating  the  quantity  of  fait 
vatcr;  a  method  fo  iimple  that  every  com- 
Dn  failor  may  underftand  and  prattife  it.     Take 
a  clean  towel,  or  any  other  clean  cloth,  dry  it  well 
in  the  fun  or  before  a  fire,  then  weigh  it  accurately, 
and  note  down    it's   weight,    dip  it  in  fea-water, 
and  when  taken  out  wring  it  a  little  till  it  will  not 
drip;  weigh  it  in  this  wet  ftatc,    then  dry  it,  and 
when  it  is  perfectly  dried,  weigh  it  again ;    the  cx- 
cefs  of  the  weight  of  the  wetted  cloth  above  it'i 
original  weight    is  the  weight  of  the    fea-water 
imbibed  by  the  cloth  ;    and  the  excefs  of  the  weight 
of  the  cloth  after  being  dried  above  it's  original 
weight   is  the  weight  of  the  fait  retained  by  the 
cloth ;   and  by   comparing  this   weight  with  the 
ght  of  fea-water  imbibed  by  the  cloth,  you  ob- 
tain the  proportion  of  fait  warer  contained  in  that 
fpecies  of  fea-water. 

Congealed  fea-water  will,  when  thawed,  yield 

frefh  water.     To  prove  this,   fome    fea-water  was 

taken  up  off  the  North  Foreland ;    it  was  expofed 

to  a  freezing  at mofphere,  and  it  afforded  an  i 

perfectly  free  from  any  tafte  of  fait.     The  fpecific 

vity  of  the  water  produced  from  the  melting  of 

the  ice  was  fomevvhac  greater  than  that  of  diftilled 

rain-water,  and  fomew  hat  lefs  than  a  mixture  of 

rain  and    fnow-water  taken  out  of  a  water-tub. 

The  degree  of  cold  at  which  the  fea-water  froze 

was  18^  of  Fahrenheit's  thermometer,  or  31  lower 

than  that  in  which  common  water  freezes.     This 

difference  will  vary  according  to  the  quantity  of 

fait 
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iuilt,  is  hfelf  ejrroAeous,  as  it  fuppofes  the  water 
jdf  the  ocean  was  frefh  at  the  beginning  #of  the 
world ;  and  the  whole  inquiry  feems  to  be  a'fter  the 
caufe  of  a  phenomenon  wjiich  has  probably  no  fe*. 
rondary  caufe  at  all.*  The  fuppofition  that  the 
water  of  the  ocean  was  originally  frefli,  is  art  opi*. 
jnion  concerning  a  matter  of  fact,  which  can  never 
he  proved  either  way ;  and  it  is  fiwrely  extending 
Speculation  too  far,  when  we  attempt  to  explain  a 
phenomenon  coeval  with  the  formation  of  the  earth. 
The  faltnefs  .of  the  fea  is  as  neceflary  to  the  confti- 
tution  of  that  element,  and  to  the  well-being  of 
the  terraqueous  globe,  as  the  rcdnefs  of  the  blood 
is  neceflary  to  the  improvement  of  the  ferum  in. the 
;animM  fyftem.  The  fea  is  no  more  fait  by  chance, 
than  the  blood  is  red  by  chance.  It  is  a  wife  pro- 
vifion  of  the  Creator,  that  the  imnjei^fe  body  of 
water  which  occupies  more  than  two  thirds  of  the 
globe  fhould  be  thus  faked  and  feafoned  for  it's  own 
prefer  v^tion,  and  for  the  falubrity  of  the  atmofphere* 
on  which  account  the  ocean  is  faltej*  under  the 
torrid  zone,  where  the  heats  arq  more  productive 
of  putri faction,  and  the  faltnefs  decreafes  a?  we 
approach  the  pole,  all  indicating  defign,  and  if  it 
be  true  that  f  he  agitation  and  veitfilation  of  the  fe* 
is  not  fufficient  in  vaft  tra&s  and  deep  waters  to 
Jceep  it  fweet  without  a  due  proportion  of  fait,  Dr, 
Halley's  fcheme  would  have  poifoncd  the  world. 

The  degree  of  faknefs  in  the  fea  varies  in  the 
fame  place  at  different  feafons,  fometimes  at  dif^ 
ferent  depths. 

Dr.  AVatfon  informs  us,  that  from  fome  ex* 
periments  made  in  a  voyage  from  England  to 
Bombay,  in  the  Eaft  Indies,  that  the  weight  of  fea- 
water  was  the  greateft,  not  precifcly^t  the  equator, 
but  where  the  fun  was  vertical,  and  where  in  fimU 
lar  circumftances  the  heat  was  greateft ;  ai^d  that 

the 

•  Sec  Watfon's  Chcmiflry.    Jone's  Phyfiological  Pifquifition* 


' 


Nature  and  Properties  of  Water. 


n 


the  weights  of  equal  bulks  of  Thames-water,  of  fea- 
rer at  Tencnffe,  and   at   St.  Jago,   were  659, 
6731,  780  ±  grains,  the  proportion  of  which  num- 
ber may  be  e xpre (Ted  thus  :  Thames  water  1000, 
Teneriffe  fea-water  1022,    St.  Jago  fea-water  1 1  84.. 
In  general,  fea-water  polleflcs  about  TV  or  rV  of  it's 
weight  in  fait.     He  alfo  mentions  the  following 
fimplc  method  for  eftimating  the  quantity  of  falc 
in  fea-water;  a  method  fo  iimple  that  every  com- 
mon failor  may  underftand  and  practife  it.     Take 
a  clean  towel,  or  any  other  clean  cloth,  dry  it  well 
in  the  fun  or  before  a  fire,  then  weigh  it  accurately, 
and  note  down    it's   weight,    dip  it  in  fea-water, 
and  when  taken  out  wring  it  a  little  till  it  will  not 
drip;  weigh  it  in  this  wet  ftate,   then  dry  it,  and 
when  it  is  perfectly  dried,  weigh  it  again;    the  ex- 
eefs  of  the  weight  of  the  wetted  cloth  above  it's 
original  weight    is  the  weight  of  the   fea-water 
imbibed  by  the  cloth  ;    and  the  excefs  of  the  weight 
of  the  cloch  after  being  dried   above   it's  original 
weight   is  the  weight  of  the  fait  retained  by  the 
cloth;   and   by   comparing   this   weight  with   the 
weight  of  fea-water  imbibed  by  the  cloth,   you  ob- 
tain the  proportion  of  fait  wafer  contained  in  that 
fpecies  of  fea-water. 

Congealed  fea-water  will,  when  thawed,  yield 
frefh  water-  To  prove  this,  fome  fea-water  was 
taken  up  off  the  North  Foreland  ;  it  was  expofed 
to  a  freezing  atmofphere,  and  it  afforded  an  ice 
perfectly  free  from  any  tafte  of  fait.  The  fpecific 
gravity  of  the  water  produced  from  the  melting  of 
the  ice  uas  fome  what  greater  than  that  of  diftilled 
rain-water,  and  fome  what  left  than  a  mixture  of 
rain  and  fnow-watcr  taken  out  of  a  water-tub. 
The  degree  of  cold  at  which  the  fea-water  froze 
u  28^  of  Fahrenheit's  thermometer,  or  31.  lower 
than  that  in  which  common  water  freezes.  This 
difference  will  vary  according  to  the  quantity  of 

fait 
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built,  is  itfelf  erroneous,  as  it  fuppofes  the  water 
jo{  the  ocean  was  frefh  at  the  beginning  m of  the 
world ;  and  the  whole  inquiry  feems  to  be  after  the 
caufe  of  a  phenomenon  which  has  probably  no  fe~ 
rondary  caufe  at  all.*  The  fuppofition  that  the 
water  of  the  ocean  was  originally  frefti,  is  an  opi*. 
piion  concerning  a  matter  of  fact,  which  can  never 
be  proved  either  way ;  and  it  is  fiwely  extending 
Speculation  too  far,  when  we  attempt  to  explain  a 
phenomenon  coeval  with  the  formation  of  the  earth. 
The  faltnefs  x>f  the  fea  is  as  neceflary  to  the  confti- 
tution  of  that  element,  and  to  the  well-being  of 
the  terraqueous  globe,  as  the  rcdnefs  of  the  blood 
is  ricccflary  to  the  improvement  of  the  fcrum  in. the 
;anrim^l  fyftem.  The  fea  is  no  more  fait  by  chance, 
than  the  blood  is  red  by  chance.  It  is  a  wife  pro- 
vifion  of  the  Creator,  that  the  imnjcitfe  body  of 
water  which  occupies  more  than  two  thirds  of  the 
globe  fhould  be  thus  falted  and  feafoned  for  it's  own 
prefer  vation,  and  for  the  falubrity  of  the  atmofpherej 
on  which  account  the  ocean  is  falter  under  the 
torrid  zone,  where  the  heats  arq  more  productive 
of  putrifaction,  and  the  faltnefs  decreafes  a$  wc 
approach  the  pole,  all  indicating  defign,  and  if  it 
be  true  that  the  agitation  and  ventilation  of  thefe* 
is  not  fufficient  in  vaft  tra&s  and  deep  waters  to 
keep  it  fweet  without  a  due  proportion  of  fait,  Dr, 
Halley's  fcheme  would  have  poifoned  the  world. 

The  degree  of  faltnefs  in  the  fea  varies  in  the 
fame  place  at  different  feafons,  fometimes  at  dif*. 
ferent  depths. 

Dr.  Watfon  informs  us,  that  from  fome  ex* 
periments  made  in  a  voyage  from  England  to 
iJombay,  in  the  Eaft  Indies,  that  the  weight  of  fea- 
watcr  was  the  grcatelt,  not  precifcly  ?t  the  equator, 
but  where  the  fun  was  vertical,  and  where  in  fimu 
lar  circumftanccs  the  heat  wasgreateftj  aqd  that 

the 

•  Sec  Watfon's  ChemiRry.    Jone's  Phyfiological  PifquiGtion* 
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rite  weights  of  equal  bulks  of  Thames-water,  of  fea- 
at   Tcneri  ffe,  and   at    St.  Jago,    were  659, 
I  *v  780I  grains,  the  proportion  of  which  num- 
.    be  exprefled  thus :  Thames  water  iooo, 
Tcnerilfc  fca-water  1022,    St.  Jago  fea-water  1  r  84^ 
In  general,  fea-water  poflTeffes  about  TV  or  ^  of  it's 
weight  in  fait.     He  alfo  mentions  the   following 
fimple  method  for  eftimating  the  quantity  of  fait 
in  fea-water;  a  method  fo  fimple  that  every  com- 
mon fail  or  may  underftand  and  pradile  it.     Take 
a  clean  towel,  or  any  other  clean  cloth,  dry  it  well 
in  the  fun  or  before  a  fire,  then  weigh  it  accurately, 
and  note  down    it's  weight,   dip  it  in  fea-water, 
and  when  taken  out  wring  it  a  little  till  it  will  not 
drip;  weigh  it  in  this  wet  ftate,    then  dry  it,  and 
uhen  it  is  perfectly  dried,  weigh  it  again ;    the  ex- 
cefs  of  the  weight  of  the  wetted  cloth  above  it's 
original  weight    is  the  weight  of  the   fca-water 
imbibed  by  the  cloth  ;   and  the  excefs  of  the  weight 
of  the  cloth  after  being  dried  above  it's  original 
weight   is  the  weight  of  the  fait  retained  by  the 
cloth;   and  by   comparing  this   weight  with  the 
w  eight  of  fca-watcr  imbibed  by  the  cloth,   you  ob- 
tain the  proportion  of  fait  water  contained  in  that 
fpecies  of  fea-water. 

Congeal edfea- water  will,  when  thawed,  yield 
frefh  water.  To  prove  this,  fome  fea-water  was 
taken  up  off  the  North  Foreland ;  it  was  expofed 
to  a  freezing  atmofphere,  and  it  afforded  an  ice 
perfectly  free  from  any  tafte  of  fait*  The  fpecific 
gravity  of  the  water  produced  from  the  melting  of 
the  ice  was  fome  what  greater  than  that  of  diftillcd 
iti-wdter,  and  fomewhat  lefs  than  a  mixture  of 
rain  and  fnow-watcr  taken  out  of  a  water-tub. 
The  degree  of  cold  at  which  the  fca-water  froze 
^as  i$\  of  Fahrenheit's  thermometer,  or  3*  lower 
lan  that  in  which  common  water  freezes.  This 
difference  will  vary  according  to  the  quantity  of 

fait 
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bulk,  is  itfelf  erroneous,  as  it  fuppofes  the  water 
of  the  ocean  was  freih  at  the  beginning  ^of  the 
World  ;  and  the  whole  inquiry  feems  to  be  after  the 
caufc  of  a  phenomenon  winch  has  probably  no  fe- 
condary  caufe  at  all,*  The  fuppofition  that  the 
water  of  the  ocean  was  originally  freflij  is  an  opi- 
nion concerning  a  matter  of  fact,  which  can  never 
be  proved  cither  way ;  and  it  is  funly  extending 
Speculation  too  far^  when  we  attempt  to  explain  a 
phenomenon  coeval  with  the  formation  of  the  earth. 
The  ialtncfs  of  the  fea  is  as  neceflkry  to  the  confti- 
tution  of  that  element,  and  to  the  well-being  of 
the  terraqueous  globet  as  the  rcdnefs  of  the  blood 
is  ncceiTary  to  the  improvement  of  the  fcrum  in  the 
aninial  fyftem.  The  fea  is  no  more  fait  by  chance, 
than  the  blood  is  red  by  chance.  It  is  a  wife  pro- 
vision of  the  Creator,  that  the  imnaenfe  body  of 
water  which  occupies  more  than  two  thirds  of  the 
globe  fhould  be  thus  faked  and  feafoned  for  it's  own 
prefer  vation,  and  for  the  falubrity  of  the  armofpheref 
on  which  account  the  ocean  is  falter  under  the 
torrid  zone,  where  the  heats  are  more  productive 
of  putrifatlion,  and  the  fakaefs  decreafes  as  wc 
approach  the  pole,  all  indicating  defign,  and  if  it 
be  true  that  the  agitation  and  ventilation  of  the  fe$. 
is  not  fufScient  in  vaft  trads  and  deep  waters  to 
Jceep  it  fweet  without  a  due  proportion  of  fait,  Dr, 
Halley's  fcheme  would  have  ppifoned  the  world. 

The  degree  of  fajtnefs  in  the  fea  varies  in  the 
fame  place  at  different  feafons^  fometimes  at  dif- 
ferent depths. 

Dr.  AVatfon  informs  us,  that  from  fome  ex* 
periments  made  in  a  voyage  from  England  to 
iJombay,  in  the  Eaft  Indies,  that  the  weight  of  fea-r 
water  was  the  greateft,  not  precifely  *t  the  equator, 
but  where  the  fun  was  vertical,  and  where  in  ilmi- 
lar  circumftanccs  the  heat  was  greateft;  ai*d  that 

the 

•  See  Watfon's  ChcmiRry.    Jonc's  Phyliological  Pifquifition^ 
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the  weights  of  equal  bulks  of  Thames-water,  of  lea- 
water  at  TenerifFe,  and  at  St.  Jago,  were  659, 
673  j.,  780I  grains,  the  proportion  of  which  num- 
ber may  be  exprefled  thus :  Thames  water  1000, 
Teneriffe  fea- water  1022,  St.  Jago  fea- water  1 1 84. 
In  general,  fea- water  poflefles  about  -h  or  A  of  it's 
weight  in  fait.  He  alfo  mentions  the  following 
fimple  method  for  eftimating  the  quantity  of  falc 
in  lea-water;  a  method  fo  fimple  that  every  com- 
mon failor  may  underftand  and  prattife  it.  Take 
a  clean  towel,  or  any  other  clean  cloth,  dry  it  well 
in  the  fun  or  before  a  fire,  then  weigh  it  accurately, 
and  note  down  it's  weight,  dip  it  in  fea-water, 
and  when  taken  out  wring  it  a  little  till  it  will  not 
drip ;  weigh  it  in  this  wet  ftate,  then  dry  it,  and 
when  it  is  perfectly  dried,  weigh  it  again ;  the  ex- 
cefs  of  the  weight  of  the  wetted  cloth  above  it's 
original  weight  is  the  weight  of  the  fca-water 
imbibed  by  the  cloth ;  and  the  excefs  of  the  weight 
of  the  cloth  after  being  dried  above  it's  original 
weight  is  the  weight  of  the  fait  retained  by  the 
cloth;  and  by  comparing  this  weight  with  the 
weight  of  fea-Water  imbibed  by  the  cloth,  you  ob- 
tain the  proportion  of  fait  warer  contained  in  that 
fpecies  of  fea-waten 

Congealedfea- water  will,  when  thawed,  yield 
frelh  water.  To  prove  this,  fome  fea-water  was 
taken  up  off  the  North  Foreland ;  it  was  expofed 
to  a  freezing  atmofphere,  and  it  afforded  an  ice 
perfedlly  free  from  any  tafte  of  fait.  The  fpecific 
gravity  of  the  water  produced  from  the  melting  of 
the  ice  was  fomewhat  greater  than  that  of  diftillcd 
rain-water,  and  fomewhat  lefs  than  a  mixture  of 
rain  and  fnow-watcr  taken  out  of  a  water-tub. 
The  degree  of  cold  at  which  the  fea-water  froze 
was  a8±  of  Fahrenheit's  thermometer,  or  31.  lower 
than  that  in  which  common  water  freezes.  This 
difference  will  vary  according  to  the  quantity  of 

fait 
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ialt  contained  in  the  water.  The  freezing  of  J 
water  was  fortnerly  prartifed,  and  is  probably  ftili 
fo  in  the  northern  parts  of  Europe,  with  a  view  to 
lefTen  the  expence  and  trouble  of  extracting  fait 
from  fea-water* 

A  variety  of  attempts  have  been  made  in  our 
own  and  other  countries  to  procure  frefti  from  fea- 
water:  the  means  ufed  for  this  purpofe  is  di  ft  illa- 
tion, and  the  nioft  approved  methods  ^re  thofe  of 
Dr*  Irving,  and  Mr-  roiflbnier.  To  give  you  an 
idea  of  this  method,  fuppofe  a  tea-kettle  to  bo 
made  without  a  fpout,  and  with  a  hole  in  the  lid 
in  the  place  of  the  knob ;  then  the  kettle  being 
filled  with  fca-water,  the  frefh  vapour  which  arifes 
from  the  fea-watcr  as  it  boils,  will  iffueout  through 
the  hole  in  the  lid  ;  into  that  hole  fit  the  mouth  of 
a  tobacco-pipe,  letting  the  ftem  have  a  little  incli- 
nation downwards;  then  will  the  vapour  of  frefh 
water  take  it's  courfe  through  the  ftem  of  the  tube,, 
and  may  be  collected  by  fitting  a  proper  vefTel  to 
it's  end:  this  will  give  you  a  general  though  im- 
perfect idea  of  an  apparatus  for  this  ufeful  purpofe, 

I  have  already  mentioned  to  you  the  diiTolving 
power  of  water,  ^nd,  iix  one  pf  the  preceding  Lec-r 
tures,  given  you  fuch  reafons  as  will  probably  in* 
tJucjc  you  to  think  that  thk  power  is  chiefly  to  be  ' 
attributed  to  it's  combination  with,  and  the  pre-? 
fence  of  fire  a&jng  in  it.  Salts  are  the  fubftances 
which  it  diftblvcs  the  fooneft,  and  in  the  greateft 
quantity ;  it  will  not  diflblve  equal  quantities  of  all 
kinds  of  falts,  fome  being  more  folublc  therein  thai) 
others;  all  falts  are  more  fpeedily  diflblved  in 
Warm  than  in  qpld  water.  When  water  is  fatu- 
rated  with  any  kinji  of  fait  in  a  definite  degree  of 
■heat,  it  wilL  retain  that  fait  as  loi)g  as  it  retains  it's 
heat;  but  if  the  heap  be  leflened,  the  tranfparency 
of  the  folution  will  be  deftroyed,  a  part  of  the  fait- 
vftl  b^pf^^ykifele^  *n$l  fall  to  the  bottom ;  what 

;  "  thus 
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thus  falls  down  will  be  re-diffulved  as  foon  as  the 
water  regains  rhe  fire  it  had  loll.  Thus  the  quan- 
tity of  the  fait  which  is  precipitated  from  the 
cooling  of  the  water,  will  depend  partly  on  the 
degree  of  heat  in  which  the  folution  is  faturated, 
and  partly  on  the  degree  of  cold  to  which  the  folu- 
tion is  reduced.  Thus  water  of  80  degrees,  when 
faturated  with  fait,  contains  more  fait  than  it 
would  do  if  it  had  only  70  degrees  of  heat ;  and  in 
being  cooled  to  50  degrees,  the  precipitation  will 
be  greater  in  the  firft  inftance  than  in  the  fecond. 
Salt  is  much  longer  in  being  diffolved  when  it  is  in 
a  compact  date,  than  when  it  is  reduced  into  a  fine 
powder,  becaufe  when  it  is  in  the  form  of  powder 
it  prefents  a  much  larger  furface  to  the  water  than 
when  it  is  one  folid  lump- 
When  falts  are  mixed  with  water,  a  confider* 
able  quantity  of  air  is  feparatcd  from  the  water, 
and  the  whole  of  the  fluid  appears  muddy,  occafi- 
oned  by  a  number  of  very  fmall  bubbles,  which  rife 
to  the  top  fo  as  to  form  a  fcum ;  when  all  are  rifcn, 
the  water  again  becomes  tranfparent.  This  phe- 
nomenon (hould  be  noticed,  as  many  have  beende-* 
ceived  by  it,  efpecially  thofe  who  have  written  on 
mineral  waters;  they  often  fpeak  of  an  efFervefcence 
in  them  where  there  really  is  none,  and  the  appear* 
ance  of  it  is  nothing  more  than  the  air  efcaping. 

The  more  fait  you  add  to  water,  the  more 
(lowly  it  will  be  diffolved ;  after  a  certain  quantity 
it  will  diflblve  no  more ;  the  points  at  which  the 
falts  ceafe  to  diflblve  is  called  the  point  of fatur 4- 
tion.  The  proportion  of  water  is  very  different 
with  refpedt  to  different  falts.  Sir  Ifaac  Newton 
fuppofed,  that  there  was  an  equal  diftribution  of 
fait  through  a  determined  fpace  of  water ;  hejtice 
their  deposition  in  regular  order.  „  The  fait  often 
requires  fome  time  before  it  can  be  fo  diffeminated 
that  it's  particles  may  be  arranged  at  equal  dif- 
-      -     -       -  tapecs 
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csffcccs  throughout  the  whole  fluid ;  intime,  however, 

this  is  effected.     Throw  a  heavy  fait,  as  blue  vitriol, 

into  i  glaft  of  water,  it  at  firft  finks  to  rhe  bottom, 

aadatccr  fame  days  begins  to  impart  it's  colour  and 

ciBilitics  to  the  particles  of  water  immediately  fur- 

roumitng  it :  as  that  part  of  the  water  which  is  in 

contact  only  ads  on  the  fait,  it  is  foon  faturated, 

ami  being  thus  rendered  heavier,  remains  round  the 

fidfc  as  an  atinofphere ;  the  reft  of  the  water  adts  on 

thw  funounding  atmofphcre,  therefore  in  a  little 

time  another  ftratum  will  be  formed  containing  left 

fett  than  the  former ;  innumerable  horizontal  ftrata 

will  at  length  be  formed  containing  lefs  and  lefs 

felt :  hence  the  diftufion  is  very  flow,  unlefs  it  be 

afiiited  by  agitation.     The  vitriolic  acid  is  ufed  in 

bleaching,  being  diluted  in  the  water  iji  which  the 

linen  u  fteeped^    The  bleachers  at  firft  thought  it 

was  enough  merely  to  throw  the  acid  into  the 

waiter  ;thi$>  however,  always  corroded  fome  of  the 

wn/becaufe  the  vitriolic  acid  always  finks  to  the 

bottom,  and  remains  there  a  long  time  before  it  is 

.      '^Iv  diireminated.      When  mixed  thoroughly 

^  ^cation,  the  fait  will  never  feparatc  again. 

"    ""l^cre  is  another  phenomenon  attending  the 

...     >n  0{  fairs,  namely,  the  production  of  cold; 

^  .^c  ^dVe  already  explained  to  you,  and  ihewn 

•  depends  on  the  quantity  of  fire  abforbed  to 

"**"  ^   x  i:ul  keep  up  the  fluidity  of  the  fait. 
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LECTURE    XIIL 
Of  Water  in  the  State  of  Ice. 

I  HAVE  fticwn  you,  that  water  is  in  a  fluid 
ftate  only  on  account  of  it's  combination  with 
fire  ;  that  if  it  lofes  the  fire,  which  is  thus  com- 
bined with  it,  it's  particles  cohere  together,  and 
form  a  hard  fubftance  called  ice. 

Water  in  freezing  parts  with  the  fire,  with 
which  it  was  combined.     If  a  thermometer  be  im- 
merfed  in  a  veffel  of  freezing  water,  the  mercury 
will  rife  fome  degrees  above  32*,  while  another 
thermometer,  in  the  open  air,  will  remain  fixed  at 
or  fome  degrees  below  that  point ;  part  of  the  fire 
which  was  fixed  in  the  water  being  difengaged, 
efcapes  into  the  air  when  it  aflumes  a  folid  form. 
A  fimilardifengagementof  fire  is  perceived  in  the 
cryftall  ization  of  falts.     On  the  other  hand,  when 
ice  melts,  it  combines  itfelf  with  a  confiderable 
quantity  of  fire,  which  at  the  fame  time  does  not 
increafe  the  temperature,  which  you  may  prove  by 
this  experiment.     Let  there  be  a  pound  of  ice  at 
320,  mix  a  pound  of  water  at  172  therewith,  and, 
in  a  few  moments,  the  ice  will  be  melted,  and  the 
temperature  of  the  mixture  will  be  32  ° ;  *  quantity 
of  fire,  which  raifed  the  thermometer  1400  (140-j- 
32=172),  was  abforbed  by  and  combined  with  the 
ice  to  give  it  a  fluid  form  ;  but  the  fire,  thus  ab- 
forbed, does  not  produce  any  effedt  upon  the  ther- 
mometer. 

The  fire,  which  the  water  abforbs,  when  it 
acquires  a  fluid  form,  is  again  fcparated  from  it  by 
congelation;  for  if  a  pound  of  water  at  320  be 
mixed  with  an  equal  quantity  of  ice  at  40,  nearly 
i  of  the  water  will  be  frozen,  and  the  temperature 
of  the  mixture  will  be  32.  Now,  in  this  experi- 
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mcnt,  the  ice  is  raifed  from  40  to  the  freezing 
point,  that  is,  280,  It  is  therefore  plain,  that  by  the 
congelation  of  i  of  a  pound  of  water,  a  fufficient 
quantity  of  fire  is  evolved  to  raife  a  pound  of  Lee 
?8  degrees:  now  five  times  28  is  140*%  fo  that  the 
fire,  which  ii  extricated  by  congelation,  is  pre- 
ciftly  equal  to  that  which  is  abforbed  by  the  melr- 
ing  ice.  Meffrs,  Lavoiiler  and  dc  la  Place  have 
given  vu  this  general  idea  of  this  phenomenon. 
The  beat,  neceffary  to  melt  ict\  is  equal  tg  three- 
fourths  qf  thai  which  would  elevate  the  jam?  weight 
of  water,  at  (be  freezing  point,  to  that  of  totting 
:er> 

The  external  air  promotes  the  formation  of 
ice;  water  in  a  clofe  veflel  freezes  very  flowly  ;  but 
if  expofed  to  air  of  the  fame  temperature,  ice  will 
very  foon  be  formed.  A  limilar  phenomenon  u 
laid  to  be  obferved  in  the  cryftallization  of  falts; 
many  falinc  folutions>  which  will  remain  in  that 
Hate  in  clofe  vefTds,  difplay  ciyftals  almoft  as  foon 
as  you  open  the  mouth  of  the  veffel,  and  expofc 
them  to  the  contact  of  the  atmofphere. 

Gentle  motion,  or  a  flight  agitation  of  the 
fluid,  facilitates  it's  converfion  into  ice :  nearly  in 
the  fame  manner,  fome  faline  fohitions  are  de^ 
termined  to  cryftallization  by  a  flight  agitation. 
It  is  probable,  that  the  two  above-mentioned  cir- 
eumftances  facilitate  the  feparation  of  the  coirv* 
bined  fire  from  the  water. 

Boited  water  may  be  brought  a  greater  num- 
ber of  degrees  below  the  freezing  point  without 
congealing,  than  unboiled  water,  which  contain* 
more  air. 

Subftances,  which  Icflen  the  tranfparency  of 
water,  render  it  at  the  fame  time  more  difficult  to- 
be  cooled  below  3  20  without  freezing,  and  difpofe 
it  to  fhoot  more  readily  into  ice. 

Foreign  fubftances  chemically  combined,  or 

diflbived 
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dilfolved  in  water,  do  not  take  away  it's  property 
of  being  cooled,  though  they  alter  the  degree  at 
which  that  property  commences. 

Striking  the  bottom  of  a  tumbler  with  cooled 
water  againft  a  board,  will  produce  inftant  conge- 
lation ;  when  ftirring  the  water,  or  fhaking  it  in 
the  hand,  will  have  no  effect.  'The  moft  certain 
method  of  bringing  on  congelation  is,  that  of  rub- 
bing a  bit  of  wax  on  the  iide  of  the  tumbler,  but 
under  the  water;  a  particular  roughnefs  in  the  mo- 
tion is  felt,  and  a  cruft  of  ice  is  immediately  per- 
ceived under  the  wax  upon  the  glafs. 

Thefe  methods  fucceed  beft  in  proportion  as 
•  the  water  is  more  cooled  below  the  freezing  point; 
unlefs  the  cooling  amounts  to  4  or  5  degrees,  the 
fri&ion  from  the  wax  is  often  in  vain. 

When  water  is  cooled  below  the  freezing 
point,  the  contadl  of  the  leaft  particle  of  ice  wiu 
make  it  inftantly  congeal;  the  glacial  cryftals 
lhooting  all  through  the  liquor,  from  the  fpot 
where  the  ice  touches,  till  the  whole  comes  up  to 
the  freezing  point.  Few  experiments  of  the  mi- 
nute kind  afford  a  more  ftriking  fpedtaele  than  this, 
elpecially  when  the  water  has  been  cooled,  nearly 
as  much  as  poffible,  below  the  freezing  point; 
both  from  the  beautiful  manner  in  which  the  cryf- 
tals fhoot  through  it,  and  the  rapidity  with  which 
the  mercury  in  the  thermometer  immerfed  in  it, 
runs  through  a  fpace  of  10  or  1 1  degrees,  flopping 
and'  fixing  always  at  32  in  pure  water. 

The  effed  of  ice,  in  haftening  congelation, 
explains  fome  phenomena.  In  a  calm  day,  when 
the  temperature  of  the  air  was  about  20*,  two 
veflels,  with  diftilled  water,  were  expofed  to  the 
cold;  one  of  them  was  flightly  covered  with  paper, 
the  other  was  left  open ;  the  former  bore  to  b* 
cooled  many  degrees  below  the  freezing  poin:, 
whilft  a  cruft  of  ice  always  formed  on  the  furfaje 
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of  the  other,  before  the  thermometer  immerfed  in 
the  middle  of  it,  came  to  the  freezing  point ;  moft 
probably  arifing  from  the  frozen  particles,  which, 
in  frofty  weather*  are  generally  floating  in  the  air* 

Oil  fpread  over  the  furfacc  of  water  has  been 
found  to  prevent  it  from  freezing,  when  other 
water  fimilarly  expofed,  has  had  a  cruft  of  ice 
upon  it;  the  oil  preventing  the  frozen  particles 
from  coming  in  contati:  with  the  water.  In  tri- 
gorific  mixtures  the  congelation  is  often  brought 
on  by  railing  the  immerfed  thermometer  a  little 
out  of  the  water,  and  lowering  it  again,  fomc  of 
the  adhering  water  having  frozen  on  the  (tern. 

To  injure  the  great  eft  degree  of  cold  in  water 
without  freezing,  you  mult  cool  it  in  a  very  gra- 
dual manner*  keeping  the  cold  of  the  frigorific 
mixture  regularly,  only  two  or  three  degrees  below 
that  of  the  water.  Sudden  cooling  may  be  con- 
fidercd  as  one  of  the  eaufes  which  haiten  congela- 
tion. Metallic  or  too  thin  yeffels  are  not  propei 
for  thefe  experiments,  as  they  tranfmit  fire  too 
readily*  The  frigorific  mixture  fhould  be  kept 
a  little  below  the  edge  of  the  water  in  the  tumbler, 
otherwife  the  congelation  quickly  begins  at  that 
place. 

Fahrenheit  cooled  water  1 5  degrees  below*  it's 
common  freezing  point  without  freezing ;  Mr.  dc 
Luc' to  140.  It  is  not  improbable,,  that  if  watci 
could  be  thoroughly  purged  of  air,  it  might  be 
cooled  1 8°  below  the  freezing  point  without  eon- 
gelation.  Other  fluids  will  bear  to  be  cooled  mucfc 
more  below  their  proper  point  of  congelation. 

When  water  is  nearly  congealed,  it  augments 
in  bulk,  as  we  (hall  ihew  you  by  this  iimple  ex- 
periment. I  {hall  take  this  tube  filled  to  E,  and 
plunge  the  bulk  thereof  in  the  mixture  of  fait  anc 
ice;  you  will  obferve  that  the  water  at  firft  rifes  ir 
the  tube,  on  account  of  the  fudden  contraction  oi 

the 
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the  bulb  on  being  immcrged  in  this  cold  medium ; 
the  water  now  contra&ed  in  it's  turn  falls  again, 
and  will  remain  for  fome  time  at  the  fame  point ; 
in  a  little  time  it  will  begin  to  expand ;  it  has  now 
rifen  to  H,  and  foon  will  rife  with  fome  violence 
much  higher ;  it  is  now  got  to  I ;  the  water  in  the 
bulb  you  fee  lofes  it's  tranfparency,  and  grows 
cloudy,  and  is  freezing  during  the  congelation;  and 
while  the  ice  is  hardening,  the  water  rifes  in  the 
tube  ;    it  now  runs  over  it. 

This  expanfivc  force  of  ice  is  very  great,  as 
you  will  be  convinced,  by  the  detail  of  a  few  in- 
tcrefting  experiments.  The  Rev.  Mr.  Jones  made 
along  cylindrical  metal  box  with  a  ftrong  rim;  to 
this  he  applied  a  cover,  fitting  them  with  great 
exa&nefs  by  grinding  them  one  upon  the  other  in 
a  turning-lathe^  He  then  prepared  fome  water, 
firft  by  boiling,  and  fecondly  by  exhaufting  the 
air  from  it,  which  was  fo  far  effected,  that  when 
cold  it  did  not  yield  the  leaft  bubble  of  air,  on 
trying  it  by  the  air-pump.  He  filled  the  box  with 
water,  till  it  flood  convex  above  the  rim;  and  hav- 
ing applied  a  wet  leather  to  the  cover,  he  fcrewed 
it  down  firmly  upon  the  box  with  four  iron  ferews. 
In  this  ftate,  it  is  probable,  the  box  could  not 
have  been  feparatcd  from  it's  cover  by  a  weight 
lefs  than  half  a  ton.  He  plunged  the  whole  into 
a  freezing  mixture,  in  lefs  than  half  an  hour  the 
water  was  froze  into  a  folid  mafs,  and  as  it's  bulk 
increafed,  the  three  ferews  were  forced  by  the 
violence  of  the  preflure,  and  the  cover  was  raifed 
up  on  one  fide  a  quarter  of  an  inch  above  the  rim. 

To  meafure  this  force  with  more  exa&nefs, 
the  fame  gentleman  made  another  experiment, 
ufing  the  fame  box,  and  filling  it  as  before  with 
water  purged  of  it's  air,  and  being  covered,  but 
not  fcrewed  down;  it  was  placed  upon  an  oaken 
pedeftal,  which  had  for  it's  bafe  a  flat  hewn  flonc 
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of  about  a  foot  fquate.  The  fhortcr  arm  of  a  rerf 
(hong  lever  was  triad  t:  to  piefs  upon  the  caver  j 
this  lever  was  compounded  with  two  more  to  in- 
ereafc  the  pouer  ;  at  the  extremity  of  the  longcft 
arm  ot  the  moil  remote  lever  a  cord  was  fattened, 
which  ran  over  a  pulley*  and  had  a  weight  of 
a 81b, ;  by  all  thefc  combined,  the  cover  of  the  box 
was  prefled  with  a  force  of  above  22961b.!  while 
it  was  fo  prefled  down,  the  water  within  it  was 
froze,  and  the  agent  by  which  the  water  was  con* 
flealcd  overcame  the  whole  force  of  the  .jnachinc. 
The  experiment,  however,  was  nor  complete ;  for 
when  the  water  began  to  freeze,  and  the  cover  of 
ifae  box  to  be  raifed  from  the  rim,  the  ground 
yielded  under  the  preffure,  and  the  flat  ftonc,  which 
fcrved  as  a  bafe  to  the  pedettal,  funk  a  little  below 
it's  firft  pofition ;  by  this  means  the  force  was  ar 
firf!  fpent  upon  the  ground,  and  did  not  take  place 
in  the  machine  till  the  ground  would  give  way  no 
more.  It  was,  however,  fo  fenfibly  perceived  in 
the  machine,  as  to  prove  that  it  was  at  leaft  fupe* 
rior  to  one  ion  two  hundred  and  ninety -fix  founds \ 
The  box  contained  5  -&  cubic  inches,  May  no| 
this  force  proceed  from  fire,  not  as  giving,  but  aj 
reftoring  an  equilibrium,  which  has  been  inter- 
rupted? For  light  and  fire  may  have  powerful 
effe&s  in  nature,  where  they  give  no  fenfible  heat. 

By  the  expanfive  force  of  ice,  Huyghens  burft 
an  iron  tube  of  half  an  inch  in  thicknefs.  In  the 
experiments  of  the  academy  del  cimento,  bomb- 
flaells  and  the  ftrongeft  veflels  being  filled  with 
water,  were  burft  in  pieces  by  the  fluid  on  it'* 
congelation. 

When  water  is  congealed  into  ice,  a  great 
number  of  bubbles  are  produced  and  imprifoned 
in  it ;  as  thefe  bubbles  are  produced  in  the  aft  of 
freezing,  they  extend  the  bulk  pf  it's  water,  and 
render  the  ice  fpecifically  lighter^  and  capable  of 
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Booting  thereon.  That  thefe  bubbles  are,  in  a 
great  meafure,  the  caufes  of  this  expanfion,  is  clear 
from  the  experiments  of  Marriotte  and  Mairan, 
who  found  ice  made  with  water,  well  purged  of 
air,  fenfibly  heavier  than  that  formed  from  the 
fame  quantity  of  common  water.  According  te 
Mairan,  ice  formed  of  water,  purged  of  air,  ex- 
ceeded A  in  bulk  the  volume  of  water  which  form- 
ed it;  while  ice  made  from  water,  not  purged  of 
air,  exceeds  the  water  f  or  y*  in  bulk;  therefore 
floats  with  about  one  tenth  part  of  it's  thicknefs 
out  of,  or  above  the  water  that  bears  it.  From 
hence  you  may  infer  the  amazing  thicknefs  of  the 
ice  in  the  northern  feas,  where  the  portion  above 
the  furface  is  higher  than  the  mafts  of  the  talleft 
veffels- 

When  a  tract  of  ice  in  ftrong  maffes  is  fpread 
over  the  ground,  and  other  ice  continues  to  be 
formed  underneath,  where  there  is  not  room  for 
it's  expanfion,  as  in  the  glaciers  of  Switzerland, 
the  ic«  ujjderoeath  fometimes  expands  with  fuch 
force  as  to  rend  the  fupcrior  ftrata  with  violent 
ttpJofions.  In  the  frofty  climates  of  the  polar 
regions,  thefe  explofions  are  frequent,  and  fome- 
times as  loud  as  a  cannon. 

The  expanfive  force  of  ice  is  applied  on  fe- 
veral  occafion*  to  fave  the  labour  of  man,  and  per- 
form fuch  things  as  are  beyond  the  reach  of  art,. 
Blocks  of  flate-ftone,  which  is  formed  in  thin 
plates  or  ftrata^  not  feparable  by  a  tool,  are  taken 
out  of  the  quarry  and  expofed  to  rain,  which 
feaking  into  the  pores  of  the  ftone  is  there  frozen 
into  ice,  which,  by  it's  expanfion,  breaks  the 
ftone  into  thin  plates.  In  the  iron  works,  they 
fometimes,  in  order  to  break  an  old  bomb-(hell,  fill 
it  with  water,  then  fatten  up  the  vent  and  expofe  it  to 
the  froft,  which  burfts  it  into  pieces  without  farther 
trouble.  If  you  expert,  therefore,  that  any  liquor 
D  4  will 
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will  freeze,  and  wifti  to  prefer ve  your  veflel,  leave 
room  therein  fufficient  for  this  accidental  ex- 
tenfion. 

The  effects  of  this  expanfion  are  obfervable  in 
a  thousand  phenomena*  Trees  are  burft,  rocks  are 
rent;  walnut,  ath,  and  oak-trees,  are  fometimes 
cleft  afunder,  and  this  with  a  noifc  like  the  explo- 
fion  of  fire-arms. 

Nor  are  the  effects  of  extreme  cold  lefs  won- 
derful; metallic  fubftances  will  then  bliflcr  the 
ikin  like  red-hot  iron;  the  air,  when  drawn  in, 
hurts  the  lungs,  and  excites  coughing* 

When  the  French  mathematicians  wintered 
at  Tornea,  in  Lapland,  the  external  air3  when 
fuddenly  admitted  into  their  rooms,  converted  the 
moifture  of  the  air  into  whirls  of  fnow.  Their 
breaft  feemed  to  be  rent  when  they  breathed  it, 
and  the  contact  of  it  was  intolerable  to  their  bodies; 
and  the  aqueous  parts  of  fpirit  of  wine,  which  had 
not  been  highly  rectified,  burft  fome  of  their  ther- 
mometers* 

Extreme  cold  often  proves  fatal  to  animal 
life;  7000  Swedes  periftied  at  once  in  attempting 
to  pafs  the  mountains,  which  divide  Norway 
from  Sweden.  In  cafes  of  extreme  cold,  the  per- 
fon  attacked  firft  feels  himfelf  extremely  chill  and 
uneafy,  he  begins  to  turn  liftlefs,  is  unwilling  to 
walk  or  ufe  the  exercife  neceflary  to  keep  him 
warm,  and  at  laft  turns~drowfy,-fits  down  to  refrefti 
himfelf  with  fleep  ;  but  wakes  no  more.  An  in- 
ftancc  of  this  was  feen  at  Terra  del  Fuego,  where 
Dr.  Solander,  with  fome  others,  having  taken  an 
excurfion  up  the  country,  the  cold  was  fo  intenfe 
as  to  kill  one  of  their  company.  The  doctor 
himfelf,  though  he  had  warned  his  companions  of 
the  danger  of  fleeping  in  that  fituation,  yet  could 
not  be  prevented  from  making  that  dangerous  ex- 
periment himfelf;  and  though  he  was  awaked  witl> 
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all  poflible  expedition,  his  body  was'  fo  much 
fhrunk  in  bulk,  chat  his  (hoes  fell  off  his  feet,  and 
it  was  with  the  utmoft  difficulty  he  was  recovered. 

In  thofe  parts  of  the  world,  where  vaft  maflet 
of  ice  are  procured,  the  accumulation  thereof  by 
abforbing  the  fire  from  the  atmofphere,  occafions 
great  Jlerility  in  the  neighbouring  countries,  as  is 
particularly  the  cafe  with  the  iflands  of  Iceland, 
Greenland,  Statenland,  &c. 

Ice  is  fubjedt  to  a  conftant  diminution  of  it's 
weight  when  expofed  to  the  common  air.  Mr. 
Boyle  expofed  two  ounces  of  ice  to  a  fharply  freez- 
ing air  a  little  before  midnight,  and  found  it  in  the 
morning  diminilhed  10  grains  in  weight.  In  long 
continued  frofts,  the  ice  formed  in  ponds,  and 
other  fmall  colle&ions  of  water,  is  fenfibly  dimi- 
nished every  day,  and  often  "wholly  evaporated;  and 
a  fall  of  fnow  may  be  feen  confiderably  wafted  in 
a  few  days  in  the  fevereft  feafon.  The  principal 
caufc  of  this  'lofs  of  weight  feems  to  be  the  incef- 
fant  adtion  and  abrafion  of  the  air  upon  the  furface 
of  the  ice. 

Notwithstanding  this  lofs  of  weight  to  which 
both  ice  and  fnow  are  fubjeft  in  the  coldejl  weather, 
and  the  thaw  which  they  experience  in  the  hotteft, 
fome  have  doubted,  whether  the  quantity  of  con- 
gealed water  be  not  an  increasing  quantity.  A 
philofopher,  *  well  acquainted  with  the  nature  of 
the  Alps,  exprefles  himfelf  upon  the  fubjeft  in  the 
following  manner :  "  One  cannot  doubt  concern- 
ing the  increafe  of  all  the  glaciers  of  the  Alps ; 
their  very-  exiflence  is  a  proof,  that  in  preceding 
ages,  the  quantity  of  fnow  which  has  fallen  during 
the  winter,  has  exceeded  the  quantity  melted 
during  the  fummer.  Now,  not  only  the  fame 
caufe  ftijl  fubfifts ;  but  the  cold,  occafianed  by  the 
mate  of  ice  already  formed,  ought  to  augment  it 
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ill   farther,  and  thence  more  fnow  ought  to  fall, 
and  a  lefs  quantity  of  it  be  melted,'* 

Though  this  be  admitted,  it  by  no  means 
follows  that  there  is  an  annually  increafing  quan- 
tity ;  fort  befides  the  heat  of  the  air  in  furnmcr, 
there  is  another  caufe,  which  tends  to  prevent  any 
indefinite  augmentation  of  congealed  water,' — the 
internal  beat  of  the  earth*  The  general  heat  of  the 
fprings  of  water,  fituated  deep  in  the  bowels  of  the 
earth,  is  48  degrees.  In  .mountainous  countries  it 
may  be  fomewhat  lefs,  but  fufficient  notwith- 
standing for  the  purpofe  here  -mentioned.  When 
the  fnow,  incumbent  on  any  fpot  of  ground,  is  but 
thin,  it  may  fo  far  cool  the  earth,  that  the  inter- 
nal heat  may  not  be  able  to  diflblve  it ;  but  when 
the  bed  is  thick  enough  to  proted:  the  earth  from 
the  influence  of  the  atmofpherical  cold,  thai  fur- 
face  of  the  earth  may,  even  in  the  eoldeft  winters, 
receive  more  heat  from  the  earth,  than  cold  from 
the  atmofphere,  and  be  therefore  diflblvcd  at  all 
feafons  of  the  year*  * 

This  reafon  is  corroborated  by  f ad: ;  for  it  i$ 
faid,  that  dreams  of  water  ifluc  from  the  hotton*  of 
the  glaciers  in  the  Alps,  in  the  greateft  feverity  of 
winter ;  fo  that  whether  the  internal  heat  of  the 
earth  be  admitted  or  not,  as  a  caufe  fufficient  to 
explain  the  phenomenon,  a  conftant  thaw  of  the 
ice  or  fnow,  which  is  contiguous  to  the  furface  of 
the  earth  in  the  Alps,  cannot  be  denied  ^  and  this, 
added  to  other  caufes,  may  render  it  probable,  that 
the  quantity  of  congealed  water  has  it's  limit,  even 
in  the  coldeft  country. 

Ice  appears  to  be  a  kind  of  confufed  cryftal- 
lization.  Mr.  De  Mairan  obferved,  that  the 
needle-formed  cryftals  of  ice  unite  in  an  angle  of 
£0  or  1200.  If  a  piece  of  ice,  which  contains 
water  in  it's  internal  part,  be  broken,  the  water 
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runs  out,  and  the  internal  cavity  is  found  to  be 
lined  with  beautiful  tetrahedral  prifms.  Thcfe 
prifms  are  often  articulated  and  croffed.  When  it 
Ihows  at  Mofcow,  and  the  atmofphere  is  not  too 
dry,  the  air  is  obferved  to  be  loaded  with  beauti- 
ful cryftallizations  regularly  flattened,  and  as  thin 
as  a  leaf  of  paper.  They  confift  of  an  union  of 
fibres  which  (hoot  from  the  fame  center  to  form 
fix  principal  rays ;  thefe  rays  divide  themfelves 
into  extremely  fmall  blades.  Mr.  Macquart  has 
.obferved  feveral  of  thefe  flattened  radii,  which 
were  ten  lines  in  diameter. 

Hail  and  fnow  are  modifications  of  ice.  Hail 
is  probably  produced  by  a  fudden  difengagement  of 
the  fire  by  which  water  is  rendered  liquid,  and  is. 
generally  accompanied  by  thunder.  Hail, /now, 
and  ice,  are  wonderful  images  of  the  great  operations 
Jn  nature ;  and  if  your  fenfes  had  not  acquainted 
you  how  thefe  things  arecrearcd  out  of  fomething, 
and  are  themfelves  only  the  properties  of  fire,  air, 
and  water,  brought  out  of  a  prior  ftate  into  fuch  a. 
companion  and  creation  «as  is  called  fnow,  hail, 
and  ice,  philofophy  would  have  left  you  as  ignorant 
of  their  nature,  as  it  is  of  moft  material  fubftances.* 
Mr.  Chaptal  relates  the  following  curious  obfer- 
vation,  made  by  himfelf  at  Montpellier,  Oft.  29, 
1786.  f  On  that  day  four  inches  of  water  fell  at 
Montpellier,  a  violent  explofion  of  thunder  was 
heard  about  four  in  the  afternoon,  which  appeared 
to  be  very  near,  and  was  accompanied  by  a  moft 
violent  (bower  of  hailf  At  this  inftant,  a  druggift, 
who  was  employed  in  preventing  the  mifchief  oc- 
cafioned  by  the  filtration  of  water  through  the  wall, 
was  greatly  aftonifhed  by  perceiving  the  water  that 
came  through  the  wall  inftantly  changed  into  ice. 
He  called  in  feveral  of  his  neighbours  to  par-* 
take  of  his  furprize.  Mr.  Chaptal  vifited  the  place 
about  a  quarter  of  an  hour  afterwards,  and  founc) 
5  about 
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about  ten  pounds  of  ice  at  the  foot  of  the  wall :  he 
was  well  allured  it  could  not  have  pafled  through 
the  wall,  which  did  not  exhibit  any  crack.  Did 
the  fame  caufe  which  determined  the  formation  of 
hail  in  the  atmofpherc,  act  equally  in  the  cellar  ?M 

A  mafs  of  ice  formed  by  a  flow  congelation, 
appears  very  homogeneous,  and  fufficiently  trans- 
parent for  a  fmall  diftance  from  the  furface  firft 
frozen;  but  in  the  interior  parts,  and  particularly 
towards  the  middle,  there  is  a  coniiderable  number 
of  bubbles  of  ain  A  quick  congelation  fpreads  thefe 
bubbles  indifferently  through  the  whole  mafs, 
which  becomes  therefore  a linoftopakc a  being  com- 
pofed  of  fmall  parts  of  different  dentines ;  and  the 
upper  furface  is  more  rough  and  irregular  than 
when  the  congelation  has  been  flow  and  gradual. 

The  ice  of  running  waters  is  differently  formed 
from  that  of  ftanding  waters  i  in  thefe  the  furface 
is  firft  froze,  and  thickens  gradualiy  by  freezing 
one  ftratum  of  water  after  another;  and  it  is  car- 
ried on  much  more  expeditioufly  than  when  it  is  in 
motion. 

.  When  the  cold  is  fufficient,  the  water  freezes 
on  the  edges  of  a  river.  The  ice  thus  formed  is, 
however,  often  broken  and  carried  away  by  the 
current ;  more  ice  is  then  formed,  which  is  again 
broken  off,  and  fo  on.  The  cakes  of  ice  thus 
formed,  are  at  firft  very  thin,  and  eafily  broken -by 
the  firft  (hock,  fo  that  very  few  remain  whole,  but. 
are  broken  in  a  thoufand  pieces.  Thus  in  a  little 
time  the  river  is  covered  with  fmall  pieces  of  ice 
(that  thcleaftobftacle  ftopsjfloatingdownit'sftrcam. 
Thefe  by  degrees,  and  from  a  variety  of  circum- 
ftances  accumulate  in  fize  and  number;  and  the 
ice  thus  formed  is  very  irregular  and  opake,  and 
mixed  with  a  variety  of  fmall  heterogeneous  fub- 
ftances,  as  bits  of  ftraw,  herbs,  &c.  which  had 
attached  thcmfclves  to  the  pieces  of  ice.  By  a 
4  continual 
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continual  increafe  in  (Ize  by  the  various  obftacles 
to  be  met  with  in  the  courfe  of  a  river,  fuch  as 
bridges,  &c.  thefe  cakes  are  at  laft  fo  joined  as  to 
cover  the  river.  In  very  fevere  frcfts,  and  very 
cold  climates,  rivers  have  been  known  to  be  froze 
over  with  great  rapidity.  Dr.  Goldfmith  mentions 
having  feen  the  Rhine  frozen  at  one  of  it's  moft 
precipitate  catara&s,  and  the  ice  Handing  in  giaiTy 
columns  like  a  forcft,  of  large  trees,  the  branches 
of  which  have  been  lopt  away.  So  hard  does  the 
ice  become  in  cold  countries,  that  in  1 740,  a  palace 
of  ice  was  built  at  Peterfburg,  after  a  very  elegant 
model,  and  in  juft  proportions  of  Auguflan  archi- 
tecture. It  was  52  feet  long,  and  20  feet  high. 
The  materials  were  quarried  from  the  furface  of  the 
river  Neva,  and  the  whole  Hood  gliftening  againft 
the  fun  with  a  brilliancy  almoft  equal  to  his  own. 
To  increafe  the  wonder,  6  cannons  of  ice,  and  two 
bombs,  all  of  the  fame  materials,  were  planted 
before  this  extraordinary  ediiice :  the  cannon  were 
three  pounders,  they  were  charged  with  gunpow- 
der, and  fired  off;  the  ball  of  one  pierced  an  oak 
plank  2  inches  thick  at  fixty  paces  diftance,  nor 
did  the  piece  burft  with  the  explofion. 

In  the  northern  parts  of  the  world  folid  bodies 
are  liable  to  be  hurt  by  the  froft.  Timber  is  often 
apparently  frozen,  and  exceedingly  difficult  to  be 
fawed.  Marie,  chalk,  and  other  lefs  folid  terreilrial 
concretions,  are  often  fhattered  by  long  and  durable 
frofts.  Metals  are  contra&ed  by  froft:  thus  an 
iron  tube  1 2  feet  long,  upon  being  expofed  to  th? 
air  in  a  frofty  night,  loft  two  lines  of  it's  length. 
The  expanfion  of  water  I  have  already  mentioned 
to  you.  Trees  are  often  deftroyed  by  froft,  and 
appear  as  if  burnt  by  the  moft  cxceilive  heat. 

Froft  generally  proceeds  from  the  upper  parts 
of  a  body  downwards ;  but  how  deep  it  will  reach 
in  the  emh  is  not  eafily  known,  as  this  depth  will 

vary 
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vary  from  a  variety  of  caufes,  as  the  duration  of 
the  froft,  the  texture  of  the  ground,  &c.  After  a 
hard  froft  of  fomc  days,  Mr.  Boyle  dug  in  an 
orchard  where  the  ground  was  level  and  bare,  and 
found  the  froft  had  fcarce  reached  3  inches  and  a 
half  below  the  furface.  Nine  or  ten  fucceflive 
frofty  nights  froze  the  ground  in  the  orchard  only 
to  the  depth  of  8  inches  and  a  half*  In  a  garden 
at  Mofeow,  the  froft  in  a  hard  feafon  only  pene- 
trated 2  feet.  Water,  like  the  earth,  fcems  not 
difpofed  to  receive  any  very  intenfe  degree  of  cold 
at  a  confiderabte  depth  or  diftance  from  the  air ; 
the  vaft  niaflcs  of  ice  found  in  the  northern  Teas 
being  only  many  flakes  and  fragments,  Mrhich,  Aiding 
under  each  other,  are  cemented  together  by  the 
congelation  of  the  intercepted  water. 

The  great  power  of  froft  on  vegetables  is  a 
thing  fufficiently  known ;  but  the  difference  be- 
tween the  frofts  of  a  fever e  winter^  and  thofe  of 
fpring  mornings,  have  been  but  little  attended  to; 
you  will,  however,  find  it  a  fubjeft  very  worthy 
01  your  attention. 

The  frofts  of  a  fevere  winter  are  much  more 
terrible  than  thofe  of  the  fpring,  as  they  bring  on  a 
privation  of  all  the  products  of  the  tenderer  parts 
of  the  vegetable  world ;  but  they  are  not  frequent, 
fuch  winters  happening  but  once  in  an  age ;  but  the 
frofts  of  the  fpring  are  more  injurious,  as  they  are 
repeated  every  year. 

In  regard  to  trees,  the  great  difference  is  this, 
that  the  frofts  of  a  fevere  winter  affeft  their  wood, 
their  trunks,  and  the  large  branches;  whereas  thofe 
of  the  fpring  have  only  power  to  hurt  the  buds. 

The  winter  frofts  happen  at  a  time  when  mod 
of  the  trees  have  neither  leaves,  flowers,  nor  fruits 
upon  them,  and  have  their  buds  fo  hard  as  to  be 
proof  againft  flight  injuries  of  the  weather,  efpe- 
cially  if  the  preceding  fummer  has  not  been  too 
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wet.  Hard  frofts,  which  happen  late  in  the  winter, 
caufe  very  great  injuries  even  to  thofe  trees  which 
they  do  not  deftroy. 

It  is  not  the  fever  eft  cold  or  tnoft  fixed  froft  that 
does  the  ^reateft  injury  to  vegetables*  Though  this 
obfervation  is  diredtly  oppofed  to  popular  opinion, 
it  will  be  found  not  lefs  true,  nor  any  way  repug- 
nant to  reafon.  It  is  humidity  that  makes  froft  fatal 
to  vegetables,  and  therefore  every  thing  that  can 
occation  humidity  expofes  them  to  thefe  injuries. 
It  is  well  known,  that  vegetables  always  feel  the  froft 
very  defperately  in  low  places  where  there  are  fo|p. 
The  plants  which  (land  by  a  river  fide  are  often  de- 
ftroyed  by  the  fpring  and  autumnal  frofts ;  whilft 
thofe  of  the  fame  fpecies,  which  (land  in  a  drier 
pLice,  fuffcr  but  little,  if  at  all.  The  low  and  wet 
parts  of  forefts  produce  worfe  wood  than  the  high 
and  drier.  The  coppice  wood  in  wet,  and  low  parts 
of  common  woods,  though  it  pufli  out  at  firft  more 
vigoroufly  than  that  of  other  places,  yet  never  comes 
to  lb  good  a  growth;  for  the  froft  of  the  fpring  kiU 
ling  thefe  early  top  (hoots,  obliges  the  lower  parts 
of  the  trees  to  throw  out  lateral  branches.  Froft 
feldom  hurts  the  late  (hoots  of  vine  or  flower 
buds,  except  when  it  follows  heavy  dews,  or  a  long 
rainy  feafon,  and  then  it  never  fails  to  do  great 
mifchief. 

Froft  does  more  mifchief  on  newly  cultivated 
ground  than  in  other  places,  becaufe  the  vapours 
find  an  eajier  paflage  there  than  from  other  places. 
Trees  newly  cut  fufter  more  than  others  by  fpring 
frofts,  becaufe  they  (hoot  more  vigoroufly.  Side 
(hoots  of  trees  arc  more  fubjedt  to  fuffer  from 
fpring  frofts,  than  thofe  at  the  top ;  in  general,  the 
effe&s  of  the  fpring  frofts  are  much  greater  near 
the  ground  than  elfcwhere. 

On  the  fame  principles  you  may  explain  why 
the  fouth  fides  of  trees  are  more  damaged  by  a 

fevere 
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fcverc  froft  than  the  north.  Great  damage  is  alfo 
done  to  the  weftern  fide  of  trees  and  plantations, 
when  after  a  rain  with  a  weft  wind,  the  wind  turns 
about  to  the  north  at  fun-fet,  which  is  common  in 
fpring ;  or  when  the  eaft  blows  upon  a  thick  fog 
before  fun-rifing. 

In  the  ftate  of  the  atmofphere  we  denominate 
a  froft^there  is  an  intimate  union  between  the  air 
and  the  water  in  the  air;  therefore  except  in  high 
latitudes,  frofty  weather  is  generally  clear.  When 
fuch  an  union  takes  place,  either  in  winter  or  fum-„ 
mer,  the  atmofphere  is  inclined  to  abforb  fire >  and 
consequently  to  produce  froft.  Thus  in  clear  fet- 
tled weather,  even  in  fummer,  though  the  day  may 
be  exceflive  hot,  yet  the  mornings  and  evenings  are 
extremely  cold. 

The  air  in  frofty  weather,  or  clear  dry  wea- 
ther, being  always  ready  to  abforb  fire  from  every 
fubftance  in  contadt,  ntuft  of  courfe  abforb  part  of 
that  contained  in  the 'vapour,  which  floats  in  it's 
bofom. 

Though  vapour  is  capable  of  becoming  much 
colder  than  water  without  being  frozen,  yet  by 
a  continual  abforption  it  muft  at  laft  part  with 
it's  latent  fire,  i.e.  what  is  effential  to  it's  exiftence 
as  vapour,  and  without  which  it  is  no  longer  va- 
pour, but  water  or  ice.  When  a  froft  has  acquired 
a  certain  degree  of  intenfity,  then  the  vapours  every 
where  difperfed  in  the  air  give  out  their  latent 
fire,  the  atmofphere  becomes  clouded,  the  froft 
either  goes  off  or  becomes  milder,  and  the  vapour 
defcends  in  rain,  hail,  or  fnow,  according  to  the 
drfpofition  of  the  atmofphere. 

To^Make  Ice. 

In  many  countries  the  warmth  of  the  climate 
renders  ice  not  only  a  defirable,  but  even  a  necef- 
iary  article;  fo  that  it  becomes  an  objed  of  feme 

confequence 
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confequeijce  to  fall  upon  a  ready  and  cheap  method 
of  procuring  it.      Though  the  cheapeft  method 
hitherto  difcovered,  feems  to  be  that  by  means  of 
fa!F\mmoniac  or  Glauber's  fait ;  yet  it , may  not  be 
amifs  to  take  notice  of  fome  attempts  made  by 
Mr.  Cavallo,  to  difcQver  a  method  of  producing  a 
fufficient  degree  of  cold  for  this  purpofe  by  the 
evaporation  of  volatile  liquors.     He  found,  how- 
ever, in  the  courfe  of  thefc  experiments,  {hat  ether 
was  incomparably  fuperior  to  any  other  fluid  in  the 
degree  of  cold  it  produced.     The  price  of  the  li- 
quor naturally  induced  him  to  fall  upon  a  method 
of  uling  it  with  as  little  wade  as  poflible. 

The  apparatus  for  ufingthe  leaft  poflible  quary. 
lity  of  ether  for  freezing  water,  confifts  in  a  glafs 
lube  terminating  in  a  capillary  aperture,  which  is 
to  be  fixed  upon  the  bottle  containing  the  ether. 
Round  the  lower  part  of  the  neck  fome  thread  is 
wound,  in  prder  to  lef  it  fill  the  neck  of  the  bottle. 
%  When  the  experiment  is  to  be  made,  the  ftopper  of 
the  bottle  containing  the  ether  is  to  be  removed, 
and  the  tube  juft  mentioned  put  in  it's  room.  The 
thread  round  the  tube  ought  alfo  to  be  previoufly 
jnoiftencd  with  water  before  it  is  put  in  the  nee}?: 
of  the  bottle,  in  order  the  more  effectually  to 
prevent  the  efcape  of  the  ether  betwixt  the  neck 
of  the  phial  and  tube.  Holding  then  the  bottle 
by  it'§  bottom,  and  keeping  it  inclined,  the  fmall 
ftream  of  ether  iffuing  out  of  the  aperture  of 
the  tube,  is  diredted  upon  the  ball  of  the  thermo- 
meter, or  upon  a  tubs  containing  water  or  other 
liquor  that  is  required  to  be  congealed.  As  ether 
is  very  volatile,  and  has  the  remarkable  property 
of  increafing  the  bulk  of  air,  there  is  no  aperture 
requifitc  to  allow  the  air  to  enter  the  bottle  while 
the  liquor  flows  out.  The  heat  of  the  hand  is 
piore  than  fufficient  to  force  out  the  ether  in  a 
.continued  flyeam  *t  I  ijx- 
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In  this  manner,  by  throwing  the  ftream  of  ctha 
upon  the  ball  of  a  thermometer  in  fuch  a  quantity, 
that  a  drop  might  now  and  then,  every  10  fecondi 
for  inftance,  fall  from  the  bulb  of  the  thermometer, 
Mr.  Cavallo  brought  the  mercury  down  to  30,  or 
2 90  below  the  freezing  point,  when  the  atmofpherc 
was  foraewhat  hotter  than  temperate.     When  the 
ether  is  very  good,  i.  e.  capable  of  diflblving  elaftic 
gum,  and  has  a  fmall  bulb,  not  above  20  drops  of 
it  are  required  to  produce  this  eftedt,  and  about 
two  minutes  of  time ;  but  the  common  fort  muft 
be  ufed  in  greater  quantity,  and  for  a  longer  time; 
though  at  laft  the  thermometer  is  brought  down  by 
this  very  nearly  as  low  as  by  the  bed  fort. 

The  proportion  of  ether  requifite  to  congeal 
water,  feems  to  vary  with  the  quantity  of  the  lat- 
ter; that  is,  a  large  quantity  of  water  feems  to  re- 
quire a  proportionably  lefs  quantity  of  ether  to 
freeze  it  than  a  fmalicr  one.  cc  In  the  beginning 
of  the  fpring  (fays  Mr.  Cavallo)  I  froze  a  quarter 
of  an  ounce  of  water  with  about  half  an  ounce  of 
ether;  the  apparatus  being  larger,  though  fimilar 
to  that  defcribed  above.  Now  as  the  price  of  ether 
fufficiently  good  for  the  purpofc,  is  generally  about 
18  pence  or  two  {hillings  per  ounce;  it  is  plain, 
that  with  an  expence  under  two  (hillings,  a  quar- 
ter of  an  ounce  of  ice,  or  ice  cream,  may  be  made 
in  every  climate,  and  at  any  time,  which  may 
afford  great  fatisfa<5tion  tothofe  perfons,  who,  liv- 
ing in  places  where  no  natural  ice  is  to  be  had, 
never  faw  or  tafted  any  fuch  delicious  refreftiment. 
When  a  finall  piece  of  ice,  for  inftance,  of  about 
ten  grains  weight,  is  required,  the  neceflary  appa- 
ratus is  very  fmall,  and  the  expence  not  worth  men- 
tioning. A  finall  box  four  inches  and  a  half  long^ 
two  inches  broad,  and  one  and  a  half  deep,  contains 
all  the  apparatus  neceflary  for  this  purpofe;  viz.  a 
bottle  capable  of  containing  about  one  ounce  of 

ether;. 
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ether;  two  pointed  tubes,  in  cafe  one  (hould  breik;  a 
tube  in  which  the  water  is  to  be  frozen,  and  a  wire. 
With  the  quantity  of  ether  contained  in  this  fmall 
and  Very  portable  apparatus,  the  experiment  may 
be  repeated  about  ten  times.  A  perfon  who  wifhes 
to  perform  fuch  experiments  in  hot  climates,  and 
in  places  where  ice  is  not  eafily  procured,  requires 
only  a  larger  bottle  of  ether  befides  the  whole  ap- 
paratus defcribed  above. 

To  PRODUCE  A  GREAT  DEGREE  OF  Coi.D. 

The  £owef  of  producing  cold  belongs  parti- 
cularly to  bodies  of  the  falinc  clafs.     In  a  paper  of 
thePhilofophical  Tranfaciions,  Mr.  Geoffroy  gives 
an  account  of  fome  remarkable  experiments  with 
regard  to  the  production  of  cold.     Four  ounces  of 
ial-ammoniac  diflblved  in  a  pint  of  water,  made 
his  thermometer  defcend   two   inches   and  three 
quarters  in  lefs  than  fifteen  minutes.     An  ounce  of 
the  fame  fait  put  into  four  or  five  ounces  of  diftil- 
led  water,   made   the   thermometer   defcend  two 
inches  and  fl  quarter.     Half  an  ounce  of  fal-am- 
tooniac  mixed  with  thfee  ounces  of  fpifit  of  nitre, 
made  the  thermometer  defcend  two  inches   and 
five  lines ;  feut  on  ufing  the  fpirit  of  vitriol  inftead 
of  nitre,  it  funk  two  inches  and  fix  lines.     In  this 
laft  experiment  it  was  remarked,  that  the  vapours 
laifed  from  the  mixture  had  a  confiderablc  degree 
of  heat,  though  the  liquid  itfelf  was  fo  extremely 
cold.    Four  dunces  of  falt-petrc  mixed  with  a  pint 
of  water,  funk  the  thermometer  one  inch  three 
lines;  but  a  like  quantity  of  fea-falt  funk  it  only 
two  lines.  Acids  always  produced  heat,  even  com- 
mon fait  with  it's  own  fpirit.  Volatile  alkaline  fajts 
produced  cold  in  proportion  to  their  purity,  but 
fixed  alkalines  heat. 

E  4  If; 


52       LtcTURts  on  Natural  PiHrosorHv* 

• 

If,  inftcad  of  making  thcfe  experiments^ 
ever,  with  fluid  water,  we  take  it  in  it's  eongealec 
ftate  of  ice,  or  rather  fnow,  degrees  of  cold  wil 
be  produced  v^llly  fu  peri  or  to  any  we  have  ye! 
mentioned.  A  mixture  of  fnow  and  common  fal 
links  Fahrenheit's  thermometer  to  Oj  pot-aflic 
and  powdered  ice  link  it  eight  degrees  farther;  twr 
elfufions  of  fpirit  of  fait  on  pounded  ice  fink  it  more 
than  iq[6  below  o.  This  is  the  ultimate  degrei 
cf  cold  that  the  mercurial  thermometer  will  mca- 
fu  re,  becaufe  the  mercury  itfelf  then  begins  t( 
congeal ;  and  therefore  we  mull;  afterwards  havi 
rccourfe  to  fpirit  of  wine,  naptha,  or  fume  othei 
fluid  which  will  not  congeal.  The  greatcft  degree 
of  cold  hitherto  producible  by  artificial  means  ha: 
been  80*  below  O;  which  was  done  at  Hudfon*; 
Bay  by  means  of  fnow  and  vitriolic  acid,  the  ther 
urometer  {landing  naturally  at  200  below  ex  Greate: 
degrees  of  cold  than  this  have  indeed  been  fup- 
poied*  Mr.  Martinc*  in  his  treatife  on  heat,  relates 
that  at  Kirenga  in  Siberia,  the  mercurial  thermo- 
meter funk  to  1 1  8°  below  O;  and  ProfeiTor  Browr 
at  Pctcrfburg,  when  lie  made  the  fir  ft  experiment  o 
congealing  quiekfilver,  fixed  the  point  ofcongela- 
tion  at  350°  below*  O;  but  Dr.  Black,  as  foon  a 
the  experiment  was  made  known  in  this  country 
obferved,  that  in  all  probability  the  point  of  con 
gelation  was  far  above  this.  His  reafons  for  fup- 
pofing  this  to  be  the  cafe  were,  that  the  mercur] 
aefcended  regularly  only  to  a  certain  point,  afte; 
which  it  would  defcend  fuddenly  and  by  ftart 
100  degrees  at  a  time.  This,  he  conjectured 
might  proceed  from  the  irregular  contraction  of  tin 
metal  after  it  was  congealed  ;  and  he  obferved,  tha 
there  was  one  thermometer  employed  in  the  expe 
fiment  which  was  not  frozen,  and  which  did  no 
defcend  fo  low  by  a  great  many  degrees.     Expe 
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ticnce  has  fince  verified  his  conjecfture.;  and  it  is 
now  generally  known,  that  400  below  o  is  the  freez- 
ing point  of  quickfilvcr. 

Since  the  difcovery  of  the  poflibility  of  pro- 
ducing cold  by  artificial  means,  various  experi- 
ments have  been  made  on  the  efficacy  of  falinc 
fubftances  in  this  way ;  all  of  which,  when  properly 
applied,  are  found  to  have  a  confidcrable  degree  of 
power.  Dr.  Bocrhaavc  found,  thfct  both  fal-a-m- 
moniac  and  nitre,  when  well  dried  in  a  crucible, 
and  reduced  to  fine  powder,  will  produce  a  greater 
degree  of  cold  than  if  they  had  not  been  treated  in 
this  manner.  His  experiments  were  repeated  by 
Mr.  Walker,  apothecary  to  the  Radcliffe  Infirmary 
in  Oxford,  with  the  fame  refuit :  but  he  found,  that 
his  thermometer  funk  320  by  means  of  a  folution 
offal-ammoniac ;  when  Boerhaavc's,  with  the  fame, 
fell  only  28°.  Nitre  funk  it  19°.  On  mixing  the 
two  falts  together*  he  found  that  the  power  of  pro- 
ducing  cold  was  coniidcrably  incrcafed.  By  equal 
parts  of  thefc  falts,  he  cooled  feme  water  to  220, 
the  thermometer  (landing  at  470  in  the  open  air. 
Adding  to  this  fomc  powder  of  the  fame  kind,  and 
immerling  two  fmall  phials  in  the  mixture,  one 
containing  boiled  and  the  other  unboiled  water,  hr 
foon  found  them  both  frozen,  the  unboiled  water 
freezing  firft. 

Themoft  remarkable  experiment,  however,  wa$ 
with  fpirit  of  nitre  poured  on  Glauber's  fait,  the 
effeft  of  which  was  found  to  be  finiilar  to  that  of 
the  fame  fpirit  poured  on  ice  or  lnow;  and  the  ad- 
dition offal-ammoniac  rendered  the  cold  (till  more 
intenfe.  The  proportions  of  thefe  ingredients  re- 
commended by  Mr.  Walker,  are  concentrated  ni- 
trous acid  two  parts  by  weight,  water  one  part;  of 
this  mixture  cooled  to  the  temperature  18  ounces, 
of  Glauber's  fait  a  pound  and  an  half  avoirdupois, 
and  of  fal-ammoniac  12  ounces.  On  adding  the 
E  3  Glauber 
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{timber '»  fait  to  the  nitrous  acid,  the  thermometer 
fell  from  5^ to  — 1°, or  52  degrees;  and  on  the  ad* 
dirion  of  the  fal-ammoniac,  to  — q°,  Thus  Mr, 
W'jlkcr  was  able  to  freeze  quickfilver  without  ei- 
ther ice  or  fllOWj  when  the  thermometer  ftood  at 
4^.  lor  the  experiment  four  pans  were  procured 
M  Jj  Cerent  fizeSj  fo  that  one  might  be  put  within 
the  other.  The  largeii  of  thefe  pans  was  placed 
in  a  vcfiel  ftill  larger,  in  which  the  materials  for 
the  kcond  1  rigor  irk  mixture  were  thinly  fpread  la 
cider  to  be  cooled  ;  the  fecond  pan,  containing  the 
liquor,  vifc,  the  vitriolic  acid  properly  diluted,  v 
Dltced  in  the  largeft  pan ;  the  third  pan,  contain!  - 
the  faltft  for  the  third  mixture,  was  immcrfed  iu 
the  Jiquor  of  the  fecond  pan;  and  the  liquor  for 
the  third  mixture  was  put  into  wide-mouth  phials, 
which  were  immcrfed  in  the  fecond  pan  like  wile, 
and  floated  round  the  third  pan;  the  fourth  pan, 
which  was  the  fmalleft  of  all,  containing  it's  cool- 
ing materials,  was  placed  in  the  midft  of  the  fair* 
of  1  he  third  pan.  The  materials  for  the  firft  and 
fecund  mixtures  confiftcd  of  diluted  vitriolic  acid 
and  Glauber's  fait;  the  third  and  fourth  of  diluted 
muous  acid,  Glauber's  fait,  and  fal-ammoniac,  in 
the  proportions  above-mentioned-  The  pans  being 
adjulU'J  in  the  manner  already  mentioned,  the  ma- 

iU  of  the  firft  and  largeft  pan  were  mixed  :  this 
Vrducu)  the  thermometer  to  iq%  and  cooled  the 
liquor  in  the  fecond  pan  to  20°,  and  the  faltsfor  the 
Ittoml  mixture,  which  were  placed  underneath  in 
\\  k  Urge  veifel,  ftearly  as  much,  The  fecond  mix- 
*a*  then  made  with  the  materials  thus  cooled, 
«u4  lh<  thermometer  was  reduced  to  30.  The  in- 
>a%  of  the  third  rpixture,  by  JYnmerfion  in 
were  cooled  to  to°,  imd  when  mixed,  reduced 

thermometer  to— 15°.     The  materials  for  the 

ml \ tn re  were  cooled  by  immerfion  in  this 

Hurt  to  about  — 1 2\  On  mixture  they  funk 
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the  mercury  very  rapidly,  and  feemingly  below — 40°, 
though  the  froth  occafioned  by  the  ebullition  of  the 
materials,  prevented  any  accurate  obfervation.  The 
reafon  why  this  laft  mixture  reduced  the  thermo- 
meter more  than  the  third,  though  both  were  of 
the  fame  materials,  and  the  latter  of  a  lower  tem- 
perature, was  fuppofed  to  have  been  partly  becaufe 
the  fourth  pan  had  not  another  immerfed  in  it  tp 
give  it  heat,  and  partly  bcraufe  the  materials  were 
reduced  to  a  finer  powder. 

The  experiments  were  repeated  with  many  va- 
riations; but  only  one  mixture  appeared  to  Dr. 
Beddows,  by  whom  the  account  was  communicated 
to  the  Royal  Society,  to  be  applicable  to  any  ufe-* 
fill  purpofe.  This  is  oil  of  vitriol  diluted  with 
about  an  equ*l  quantity  of  water;  which,  by  diflblv- 
ing  Glauber's  fait,  produces  about  460  of  cold, 
and  by  the  addition  of  fal-ammoniac,  becomes  more 
interne  by  a  few  degrees.  At  one  time,  when  Mr. 
Walker  was  trying  a  mixture  of  two  parts  of  oil  of 
vitriol  and  one  of  water,  he  perceived,  that  at  the 
temperature  of  350,  the  mixture  coagulated  as  if 
frozen,  and  the  thermometer  became  ftationary ; 
but  on  adding  more  Glauber's  fait,  it  fell  again  in 
a  fliort  time :  but  lefs  cold  was  produced  than 
when  this  circumftancc  did  not  occur,  and  when 
the  acid  was  weaker.  The  fame  appearance  of 
coagulation  took  place  with  other  proportions  of 
acid  and  water,  and  with  other  temperatures. 

It  is  obfervable,  that  this  effect  of  Glauber's 
fait  in  producing  cold,  took  pUcc  only  when  it 
was  pofleffed  of  it's  water  of  cryftallization;  and 
thus  the  mineral  alkali  alfo  augmented  the  cold  of 
fome  of  the  mixtures:  but  when  the  water  of  cryftal- 
lization was  diflipatcd,  neither  of  them  had  any 
cflfcdt  of  this  kind. 


Am 
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An  Abstract  of  M.  de  Luc's  ViEtv  of  General* 
chemistry,  deduced  from  considering  th* 
Change  of  Ice  into  Water,  and  Water  into 
Ice. 

There  is  no  phenomenon  more  itnpfortaht  thad 
the  change  bf  ice  into  water  %  and  of  water  into  ice. 
Though  I  have  already  conlidered  this  phenome- 
non, 1  (hall  here  again,  after  M.  de  Luc,  analyfc 
it  more  particularly,  in  order  to  fhew  you,  that  it 
includes  the  important  bafis  of  general  cbemiftrji 
The  various  operations  of  chemiftfy  may  be  re- 
duced to  the  uniting  or  Jeparating  of  fubftances: 
their  general  immediate  caufe  arifes  from  the  dif- 
ferent tendencies  of  the  particles  which  cdmpofe 
thofe  different  fubltances :  and  the  changes  which 
happen  in  thefe  phenomena  are  produced  by  the 
changes  that  the  particles  undergo  in  their  compo- 
sition. Now  as  the  phenomena  of  water  and  ice 
include  all  thefe  different  kinds  of  modifications, 
they  will  furnifh  you  with  a  clear  and  very  impor- 
tant ided  bf  the  kind  of  change  which  is  the  fource 
of  cbetitical  phenomena. 

Now  wyith  refpedl  to  ice :  i.  It's  particles  can- 
not be/eparated  without  a  fenlible  effort.  2.  Wheii 
broken,  the  portions  thereof,  although  brought 
within  the  fmalleft  poflible  diftance  of  each 
pther,  (hew  ho  tendency  to  unite.  3.  When  frag- 
ments of  ice  are  laid  in  heaps,  the  refpedtive  ad- 
herence of  the  particles,  joined  to  theii"  fefiftance 
to  motion,  makes  them  remain  in  the  fame  pofi- 
tion  in  which  they  have  been  placed.  Thefe  are 
flrongly  marked  chemical  properties,  and  the  fub- 
ftance  cannot  be  deprived  of  them,  unlefs  the  par- 
ticles undergo  an  cflential  change. 

Water,  if  you  were  only  to  judge  of  it  by 
weight,  would  be  ice  itfelf,  for  the  transformation 
is  made  without  any  difccrnible  change  in  weight; 

though 


^Iatur*  and  Properties  of  WateH.         57 

though  very  gfeat  changes  have  takfcn  place  in  the 
ponderable  particles;  for,  1 .  They  may  be Jepa ra ted 
with  the  greateft  eafe,  their  refiftance  to  reparation 
being  almoft  infcnfible.  2.  They  have  a  tendency 
towards  each  other  even  at  a  fen  fib  le  diftance;  hence 
finall  mafies,  when  free,  coalcfcc,  and  forma  fphe- 
fical  drop,  the  moment  they  touch ;  and  this  is  not 
the  efifed:  of  gravity ',  but  contrary  to  it.  3.  Thefe 
new particles  Aide  fo  cafily  one  over  the  othef,  that, 
excepting  the  above-mentioned  fmall  mafles,  they 
cannot  now  be  laid  In  heaps ;  but  yield  immedi- 
ately to  the  efforts  of  gravity,  and  always  become 
ievel.  Lfct  us  now  conlidcr  how  thefc  changes  in 
the  particles  of  ice  are  accounted  for.  Philofo- 
phers  are  unanimous  in  allowing  that  thefe  changes 
are  occafioned  by  fire,  a  fubftance  without  weight. 
The  quantity  of  this  fubftance  that  produces  this 
tffe&)  is  fufficiently  characterized  by  it's  peculiar 
properties;  but  after  this  change,  thefc  properties 
aire  no  longer  cxercifed,  becaufe  the  particles  of 
fire  arc  combined  with  thofe  of  ice.  It  is  this 
combination  that  occafions  the  chemical  changes 
juft  defcribed.  Now  thefe  changes  are  as  eflential 
with  refpedt  ro  phyfical  principles,  as  any  other  in 
the  art  of  chemiftry;  fo  that  unlefs  eftabliflied 
fids  fhould  lead  us  to  aflign  a  fenfible  zveight  to 
other  fubftances  which  modify  thefe  effeds  in  wa- 
ter,  this  example  alone  would  authorife  us  in  con- 
sidering thefe  new  ftibftances  as  imponderable,  or 
without  weight, 

Befides  the  abdve-tnentioncd  chemical  pheno- 
mena, relative  to  water  and  ice,  there  is  another 
very  important  one,  which  will  ferve  as  a  point  of 
comparifon.  We  find  from  thefe  phenomena  but 
fcne  ponderable  fubftance,  known  by  the  name  of 
water,  and  an  imponderable  fubftance  called  fire* 
Now  when  the  particles  of  water  are  in  a  liquid 
ftate>  a  ftatc  produced  by  their  union  with  fire,  a 

certain 
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certain  diminution  in  the  quantity  of  free  fire  vtii^ 
bring  them  to  fuch  a  minimum  of  diftance,  and  ar- 
rangement in  pofition,  that  they  will  unite  in  '< 
determined  form ,  and  quit  the  fire  which  renderec 
them  liquid  :  or  inverfely,  when  the  particles  o 
water  are  formed  into  ice,  if  the  quantity  of  fre< 
fire  interpofed  therein  be  fufficient  to  feparat< 
them,  it  then  combines  with  thefe  particles,  anc 
conftitutes  water;  this  may  be  called  the  fire  of  //- 
quifaS'ton. 

Now  every  attentive  philofopher  muft  ac- 
knowledge that  thefe  arc  great  phenomena,  brought 
about  by  the  combination  of  two  fubftances,  one  oi 
which  is  without  weight ;  and  that  thefe  pheno- 
mena are  probably  the  general  chara&ers  of  a  par- 
ticular clafs.  It  is  to  be  regretted  that  the  pon- 
derable fubftance,  which  is  common  both  to  water 
and  ice,  has  not  a  peculiar  and  appropriate  name% 
for  this  fubftance  belongs  alfo  to  aqueous  vapours. 
Mr.  de  Luc  was  once  inclined  to  diftinguMh  it  by 
the  term  humor.  You  will,  I  hope,  be  careful  to 
diftinguilh  the  cafes  in  which  I  (hall  fpeak  of  water 
as  a  fubftance  modified  neither  by  fire,  nor  by  any 
other  fubftance.  To  render  you  more  attentive  to 
this  diftin&ion,  I  (hall  fometimes  ufe  the  word  hu- 
mor. 

The  foregoing  analyfis  will  enable  you  more 
clearly  to  comprehend  the  nature  of  menftrua%  a 
clafs  of  fubftances  of  which  the  knowledge  is  very 
important.  I  (hall  confine  myfelf  to  a  few  in- 
stances. 

The  name  of  acids  has  been  given  to  liquid 
fubftances,  which  fecm  to  be  nothing  more  than 
water  joined  to  certain  imponderable  panicles.  Thus 
acid  liquors  are  to  be  diftinguilhcd  from  the  acids 
themfelves. 

The  general  phenomena  of  acid  liquors  are  the 
affinities    exercifed    by    their  particles,    as   well 

amongft 
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sraiongft  themfelves  as  upon  other  fubftances.  But 
water  (confidcrcd  here  as  humor)  being  united 
to  fire,  excrcifes  certain  affinities,  as  well  in  itfclf 
as  upon  other  fubftances :  other  particles,  therefore, 
as  imponderable  as  fire,  may  produce  fuch  changes 
therein  as  may  alter,  in  fomc  refpc&s,  it's  natural 
affinities ;  and  we  arc  authorized  to  think  that  this 
is  the  cafe,  imlefs  the  fuppofition  be  contradidted 
by  facts. 

To  fee  this,  let  us  examine  the  formation  of 
acid  liquids,  and  alfo  their  different  produces. 
Now  when  acid  liquids  arc  formed,  we  have  every 
rcafon  for  fuppofmg  the  prefence  of  water,  either 
in  the  folid  or  liquid  fubftances  employed,  or  in  the 
vital  or  atmofpberic  air,  which  on  decompofition  is 
joined  thereto.  Thofe  who  adopt  the  hypothefis 
of  M.  Lavoijier  may  objeft  to  the  prefence  of  wa- 
ter in  thefe  airs  :  for  in  the  combuftion  of  fulphur, 
orphofphorus,&c.  theyconfidcr  vital  air  as  the  aci- 
difying principle,  and  the  fubftances  as  acidifiable 
bafe3.  But  this  fuppofition  is  neither  neceffary  nor 
natural.  It  is  not  neceffary,  becaufe  the  phenome* 
na  may  be  as  well  explained  without  it.  If  thert 
be  a  fufficient  quantity  of  vital  air,  all  that  we 
perceive  is,  the  production  of  an  acid  liquor;  i.e. 
(according  to  our  opinion)  a  quantity  of  water 
whofe  particles  are  united  to  an  acid.  Now  if  water 
is  the  ponderable  part  of  all  aeriform  fluids,  an  hypo- 
thefis which  is  fufficient  to  account  for  every  chemi- 
cal phenomenon,  and  is  the  only  one  that  accords 
with  meteorological  phenomena;  it  is  eafy  to  con- 
ceive, that  on  the  decompofition  oi vital  air,  a  quan- 
tity of  water  unitedtoacid  particles  maybe  liberated. 
For  example,  we  confidcr  fulphur  as  containing 
an  acid,  pblogijlon,  fire,  water,  and  other  unknown 
ingredients,  combined  together  in  a  folid  form  (of 
which  I  (hall  treat  hereafter) :  that  vital  air  con- 
tains water  and  fire,  which  at  a  certain  degree  of 

heat 
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heat  acquire  the  power  of  uniting  with  phlogifton\ 
and  thus  you  perceive,  as  far  as  it  is  poflible  to  fee 
into  nature,  why  on  the  decompofition  of  thefe 
two  compounds  by  combuftion,  a  liquor  refults,  in 
which  the  particles  of  water  are  united  to  an  acid% 
diftinguiftied  by  the  name  of  the  vitriolic. 

With  refpedt  to  the  French  hypothefis,  it 
tliould  fcem,  that  every  man  would  confider  him- 
iclf  as  relieved  of  a  burden,  when  he  found  it  no 
longer  neccflary  to  admit  a  fubftance,  which,  with- 
out being  acid  itfelf,  was  yet  the  caufe  of  acidity. 
Further,  though  acids  may  be  fuppofed  to  exift, 
they  can  only  adt  in  liquids,  or  expanfible  fluids. 
So  that  thefe  operations,  inftcad  of  furnilhing  us 
with  an  idea  of  acidification,  of  which  we  have  no 
conception,  leads  us  only  to  confider  thefe  acids  as 
liberated,  and  enabled  to  ad:  by  their  union  with  a 
liquid. 

It  may  therefore  be  aflerted,  with  confidence, 
I  ill   fomcthing  more  folid  is  produced,  that   the 
operations  by  which  acid  liquids  are  formed,  con- 
tut   in  liberating  water  and  the  acid  particles  from 
\\\<\\    preceding  combinations;  and  thus   to  pro- 
,iiu  x*  water  charged  with  certain  particles  to  which 
.  .. ,  .';;/■/  can  be  aiiigncd,  and  which  are  only  dif- 
v.sud  hv  their  p'operiics   in  the  fubllances  con- 
i  i.MiM.\  litem.     Now  as  foon  as  the  water  thus  mo- 
vi»iv\l  iccrivcs  the  fire  of  liquifafiion,   it's  particles 
\»:k;   tice  to  follow  their  tendencies,  enter  into 
m*  *  \  oinbinations,  by  means  of  the  acid  particles 
io*»i  whuh    it   has  received  thefe  new   faculties. 
■    ,  ,.x  then  purfuc  thefe  particles  in  the  exercifc 
.  -.»x  i  squired  tendencies;  and  firft  in  the  phe- 
x....  >.i  kA   ihe  congelation  and  liqttifaflion  of  the 
..    x    !w  form. 

1  'u-    x  .iter  of  acid  liquors  prefcrves  it's  general 
.    v»i  exifting,    according  to   the   difference 
,..».■  are,  in  a  folid  or  liquid  form;   but  it 
5  ha* 
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has  undergone  two  changes,  one,  by  which  it's  par- 
tides  do  not  abandon  the  fire  of  liquidation,  but  by 
a  greater  diminution  of  beat ;  by  the  other,  when 
they  do  abandon  it  and  unite,  they  affume  a  dif- 
ferent arrangement.  Here  we  only  perceive  differ- 
ent fpecific  chara&ers  of  the  fame  generical  modi- 
fication. The  particles  of  water  (humor)  whether 
alone,  or  whether  combined  with  an  acid,  can 
unite  with  the  fire  of  liquifac-tion  ;  but  in  the  laft 
ftate  they  preferve  it  in  a  lower  degree  of  heat ; 
*nd  when  they  lofe  it,  ireftead  of  grouping  them- 
felves  like  pure  water  in  a  form  in  which  their 
volume  is  inc reefed,  they,  on  the  contrary,  occupy 
fomewjiat  left  room. 

By  the  experiments  of  Mr.  M'Nab,  at  Al- 
bany, in  Hudfon's-Bay,  we  find,  that  fpirit  of 
nitre  undergoes,  according  to  it's  degrees  of  aci-+ 
dity,  two  kinds  of  congelation,  diftinguifhed  by 
Mr.  Cavendifh  into  the  aqueous  and  fpirituous. 
In  the  firft,  the  ice  being  produced  by  the  pure 
water,  fwims  above  the  reft  of  the  liquid ;  in  the 
other  the  liquid  itfelf  freezes,  and  the  ice  thereof 
falls  to  the  bottom  of  the  part  yet  liquid.  In  the 
laft  phenomenon  the  point  of  congelation  changes 
with  the  degree  of  acidity,  but  is  far  from  follow- 
ing the  laws  thereof, 

Mr.  Cavendifh  had  determined  by  other  ex- 
periments, that  the  true  point  of  congelation  can- 
not be  obtained,  but  by  preferving  therein  fomc 
icicles  of  a  former  congelation.  It  is  thus  that  the 
points  of  congelation  in  the  following  table  were 
determined  :  the  degrees  of  acidity  of  the  fpirit  of 
nitre  are  exprcfled  by  the  quantity  in  weight  of 
marble  it  was  able  to  difiblvc,  compared  with  it's 
own  weight.  The  thermometer  ufed  was  on  the 
fcale  of  Fahrenheit ;  the  correfpondent  terms  are 
the  refults  of  experiments,  reduced  to  a  regular 
foie*  of  degrees  of  acidity. 

Spirituoi  ' 


<4    Lectures  oh  Natural  Philosophy. 

tcrmine  their  proper  weight ;  in  the  water  they 
are  only  perceived  by  their  eflfeds,  in  other  com- 
pounds they  are  not  difcerned :  thus,  nothing  here 
tiinders  our  confidering  them  as  imponderable,  if 
Other  circumftances  conduft  us  to  this  conclufion. 
7hc  fecond  notion  feems  to  exclude  this  fuppofi- 
tion,  becaufe  a  khown  weight  is  attributed  to  the 
.acidi liable  and  acidifying  particles;  but  the  fore-, 

foing  experiments  deprive  this  idea  of  all  prcba- 
ility ;  it  cannot  explain  the  extraordinary  change* 
in  the  freezing  point,  occafioned  in  the  fajnc  pon-? 
derable  fubftance,  merely  by  thp  addition  of  more 
or  lefs  w^ten 

But  to  be  more  particular,  when  the  ponder* 
able  part  of  vital  air  is  employed  4s  an  acidifying 
principle  to  produce  an  acid,  is  it  a  liquid,  a  fub-  • 
(lance  by  it's  nature  capable  of  being  frozen**^ 
liquified  f  Here  the  advocates  for  this  theory  leave 
^is  in  the  dark ;  we  call  in  vain  for  explanation, 
If  the  ponderable  part  of  vital  air,  by  being  joined 
%o  the  ponderable  part  of  inflammable  air,  produces 
water,  can  it   in  the  fame  operation,    the  com* 
buftion  of  fulpbu r  for  inftance,  produce  an  acid? 
Here  alfo  we  receive  no  explanation.     If  in  the 
coipbuftion  of  fulphur,  part  of  the  vital  air  is  ufe4 
to  form  an  acid,  part  with  inflammable  air  to  pro- 
vince water,  what  is  the  ratio  of  the  two  portions? 
%€  what  means  fhall  we  diftinguifh  them  I  What  is 
the  acidifiable  fubftance  in  fulphur,  diftind  from 
zdammable  air  ?    The   partizans   of  the    French 
^Bpry  are  obdurate,  and  will  afford  us  no  explana- 
«^l'  If,  inftead  of  this  obfeure  theory,  you  con-* 
^frrthe  water  formed  by  the  two  airs  to  be  united 
«tt3£|d>  the  whole  is  readily  explained,  and  thq 
^^  flexure  of  the  freezing   point  eafily  un- 

the  cryjlallization  of  pure  water,  we 

:ertain 
form* 
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charged  with  acidity,  again  tend  to  cryftallize  in 
their  own  way,  and  thofe  that  are  moll  favourably 
difpofed  thereto,  quit  their  acid  and  the  fire  of 
liquifadtion,  and  become  common,  ice.  Laftly, 
from  this  point,  the  more  the  acidity  is  diminifh- 
cd,  the  fooner  the  particles  of  water  unite,  fo  that 
when  the  acidity  was  only  210,  ice  (of  pure  water) 
was  formed  at  the  temperature  of  17.  Thefe 
lingular  phenomena  arc  not  peculiar  to  fpirit  of 
.nitre,  they  have  been  alfo  obferved  in  fpirit  of 
vitriol,  as  may  be  perceived  by  the  rcfult  of  ex- 
periments formed  into  a  table. 

Strength.  Freezing  point. 

977  +  l 

918  -        -        —  26 

848  -        -  1    46 

846  4.42 

758  -         -         —45 

From  hence  we  may  conclude,  that  oil  of 
vitriol  has  not  only  a  ftrength  of  cafieft  freezing, 
but  even  a  ftrength  fuperior  to  this ;  it  has  another 
point  of  a  contrary  flexure,  beyond  which,  if  the 
ftrength  be  increased,  the  cold  neceflary  to  freeze 
it  again  begins  to  diminifli.  From  the  weakeft 
degree  of  the  acid  758,  to  that  of  848,  there 
is  an  increafe  of  91  °  in  the  freezing  point.  The 
acidity  increafing  to  918,  the  freezing  point  falls 
again  72°,  and  rifes  27,  when  the  acidity  be- 
comes 977. 

Now  there  are  in  thefe  phenomena  of  acid 
liquors  no  fymptoms  which  fuffer  us  to  confidqr 
them  as  fimple  fubftances  ponderable  in  their  na- 
ture* or  as  compounds  of  two  fubftances,  the  one 
acidifiable,  the  other  acidifying*  and  both  ponder* 
able.  According  to  the  firft  of  thefe  notions,  in 
which  the  acids  are  confidered  as  dijjolvcd  in  water, 
we  find  no  point  at  which  to  flop  in  order  to  de- 
termine 
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it  will  be  unnccefihry  to  mention  them  here.  In 
neither  is  there  any  thing  which  leads  us  to  think, 
that  the  difference  of  acid  and  alkaline  liquors 
from  pure  water  depends  on  ponderable  particles. 

Worn  the  union  of  acid  and  alkaline  liquors 
rzfaltf aline  liquids,  from  which  afterwards  by  Am- 
ple evaporation  we  obtain  neutral  falts,  that  is,  folids 
of  a  certain  form,  which  do  not  receive  the  fire  o( 
liquifa&ion  at  the  temperature  of  the  atmofphere, 
unlcfs  we  reftore  to  the  fait  the  water  that  was 
evaporated  from  it.     Now  if  acid   and    alkaline 
liquids  arc  nothing  but  water  modified  by  certain 
different  particles,  their  folid  products  fliould  be 
nothing  more  than  water  itfelf,  modified  by  the 
union  of  thefc  particles ;  and  this  the  water  of  crys- 
tallization dijedtly  authorizes  us  to  conclude*     Let 
us    then   confider  this  phenomenon   further.    In 
fomc  /alts,  after  the  water  of  cryftallization  is 
evaporated,  the  remaining  mafs  is  no  longer  capa- 
ble of  being  liquified  without  an  addition  of  water; 
in  others,  the  mafs  may  be  liquified  alone,  by  a 
great  degree  of  heat.     Now  here,  we  only  fee  the 
modifications  of  the  general  phenomena    of  this 
clafs;  namely,  different  combinations  of  the  par- 
tkles  ot  water  with  certain  othef  particles,  which 
changes  conlidcrably  their  faculty  of  receiving  the 
I: re  of  liquifadion ;  and  we  even  fee,  thefe  combi- 
nations  of  water  may  be  fuch,  that  it's  particles 
— v.fe  to  receive  the  fire  of  liquifaftion,  in  ibme 
;^.cs  without  a  great  degree  ©f  heat;  but  even 
lOIv.tely  in  other  cafes. 

If,  after/.;//*  have  been  reduced  by  evapora- 

■  •    :o  a  refractory  Jlutc,    the  water    which  was 

.vratcd  be  rcftored   with  a  fmall  addition,  the 

-  .  ;v.fes  of  water,  which  form  the  fenfiblc  mafs 

-_-  mixture,  re-acquire  the  fire  of  liquifadtion  at 

-   -—  ^eraturc  of  the  atmofphere,  and  we  obtain. 

^  ..^uids. 

Dr. 
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Dr.  Blagdcn,  ifi  his  paper  on  congelation,  has 
:wn,  that  all  liquids,  fufceptible  of  being  frozen, 
>uld>  Jijcc  water,  bear  to  be  cooled  fcveral  dc- 
ecs  below  the  freezing  point  without  congealing, 
rider  the  fame  circumftances  acid,  alkaline,  and 
ine  liquors,  have  the  farpe  property ;  a  further 
oof  (hat  (hey  are  the  fame  fubft^nce  differently 
odified. 

6alinc  liquors  quit  the  fire  of  liquifadtioi} 
oner  than  pure  water  j  but  attended  with  another 
rcumftance,  ftill  confirming  the  idea  of  their 
ing  a  modification  of  water.  When  acid  and 
kalme  liquors  freeze,  the  particles  of  water 
erejn  are  fo  arranged  as  not  to  occupy  a  greater 
ace,  which  you  have  fecn  was  the  cafe  \yich  pure 
iter;  but  this  property  appears  again  in  their 
npounrf  faline  liquids. 

Thus  when  the  particles  of  acids  and  alkalies 
Mrajtely  modify  the  molecules  of  water,  the  jnor 
cnt  that  thefe  lofe  the  fire  of  liquifadiipn,  they 
c  grouped  jnto  folids,  which  occupy  lefs  fpace 
in  was  before  .occupied  by  ttye  molecules  which 
mjpofe  them ;  but  if  the  particles  of  water  are 
xfified  by  thole  of  ai>  acid  and  alkali,  they  ai> 
ngethemfeivfsas  if  it  were  pure,  but  only  flower, 
hibiting  only  varieties  iji  the  modification  of  the 
ne  fubftance.  Oils  arje,  probably,  nothing  more 
in  water  modified  by  imponderable  fubltances, 
lopgwhich  we  are  to  reckon  phlogifton. 

There  is  noph^npmenon  of  acid,  alkaline,  and 
ine  liquids,  which  can  lead  us  to  aflign  a  difcerni- 
:  weight  to  any  othcj:  particles  but  thofe  of  pufe 
ter. 

In  all  thefe  phenopiena  we  only  perceive  the 
velopcmcnt  of  an  ancient  principle  of  chemiftry, 
1/  no  fubftance  can  a£l  chemically  >  unlefs  it  be  dif- 
vedi  for  in  order  that  the  particles  of  any  fub- 
nee  may  obey  it's  refpedtive  tendencies ,  they  muft 
ire  liberty  to  move,  and  this  they  can  only  have  in 
F  2  \iqpvd* 


6*       LtL-ruftis  oa  Natural  Pjulosopiiv, 

liquids  and  expanfiblc  fluids.  The  particles 
nater,  from  their  -faculty  of  being  united  with  fu 
arc  iufceptible  of  liquidity,  and  when  in  this  ftai 
can  obey  either  their  natural  tendencies,  or  rh< 
they  may  have  acquired  by  combination.  It 
thus  that  m  ucr  becomes  the  univerfal  menjlruut 
that  is,  by  it  alone  all  other  menftrua  exift,  b 
caufc  it's  particles  will  acquire  as  many  varfo 
tendencies,  as  there  are  fpecies  of  fubtil  panic  I 
to  unite  therewith,  cither  feparately  or  conjoint! 
Among  the  changes  in  tendency,  tthich  take  pla 
in  the  particles  of  water,  there  is  a  clafs  of  gre 
irnportancc  in  the  operations  of  nature;  namel 
that  which  relates  to  their  different  aptitude  of  r 
ceivtng,  and  of  retaining  the  lire  of  liquifaiftioi 
from  wlence,  befides  different  liquid  riates,  th 
are  capable  of  afiliming  a  great  variety  in  a  fol 
form,  the  folidity  depending  principally  on  th 
that  the  particles  are  not  capable  of  being  uniti 
with  the  Hre  of  liqui faction,  but  at  a  certain  ten 
ptfntture,  or  by  the  addition  of  certain  ingr- 
iients.  Salts  are,  hitherto,  the  only  folids  \ 
lave  confideredas  produced  by  water;  with  refpe 
:o  thefc,  pure  water,  whether  liquid,  or  as  ice, 
i  flux %  by  means  of  which  they  are  fuiiblc  at  tl 
:dtnperatuFe  of  the  atmofphcre,  nay  even  at  a  Jo 
:qnperature ;  but  conducted  by  analogy,  we  m; 
irocced  further  in  the  abftradt  analyfis  of  folids. 

When  you  confiderall  the  folids  on  the  furfa< 
)f  our  globe,  as  well  organized  bodies,  as  natur 
ofllfs,  and  examine  the  certain  and  uncertain  reful 
>f  our  analyfes,  you  will  not  be  able  to  trace  in  the 
>6dies  any  fubftances  ponderable  in  themfelve 
>yt  water  and  elementary  earths,  taking  the  tcm 
lementary  earth,  in  a  general  fenfe.  Among  tj 
ubftanccs*  which  are  not  difcernible  by  the 
weight,  we  have  light,  fire,  eleftricity,  acids,  a 
alies,  pblogijion,  and  the  peculiar  particles  ofcej 
.      .  ta: 
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-tain  airs.  Every  tcrreftrial  phenomenon  feems  to 
announce  other  imponderable  fubftanccs ;  and  from 
hence  you  may  conceive  how.m?ny  caufes  of  this 
dafs  are  concealed  from  us  by  our  ignorance. 

Such  then  are  the  fubftanccs  by  which  the 
immediate  phyficai  caufes  produce  the  phenomena 
of  our  globe  ;  the  ponderable  fubftanccs  are  water 
(humor)  and  earths ;  the  remaining  terreftrial  fub- 
ftanccs confift  only  of  particles  of  different  clafies, 
but  of  fuch  fubtilty,  that  whatever  be  their  quantity 
in  the  mattes  that  we  weigh,  their  weight  has  hitherto 
efcaped.  Water  will  unite  with  all  thefc  particles, 
but  at  different  degrees,  and  acquires  by  the  union 
different  affinities,  from  whence  immediately  rc- 
fult  various  liquids,  expanfible  fluids,  and  fome 
folids,  which  are  fufible  at  different  temperatures 
of  the  atmofphere,  either  immediately,  or  with 
water  for  their  flux.  By  thefe  combinations  in 
different  ftates  with  the  earths,  folids  are  produced, 
on  which  thefe  means  of  liquifadion  have  no 
power.  AH  thefc  combinations  can  only  take 
place  "in  liquid  water,  in  which  they  have  an  op- 
portunity of  exercifirig  their  affinities :  and  when 
folids  are  formed  therein,  it  is  in  certain  cafes, 
by  the  addition  of  fome  fubftanccs,  and  the  fimulta- 
neous  cmifllon  of  fome  expanfible  fluids.  Thefe 
folids  are  ho  longer  fed viHc' in  the  remaining  fluid, 
and  in  order  that  it  may  diffolve  them,  they  muft 
be  deprived  of  their  additional  fubftanccs,  and 
tKefr  lexpanfiblc  fluids  muft  be  reftored  to  them. 
Now  with  refpedfc  to  the  greater  part  of  the  folids 
of  our  globe,  as  well  thofe  which  were  formerly 
formed  on  it's  furface,  as  thofe  which  arc  daily 
forming  there,  thefc  combinations  are  the  great 
fecret  of  nature. 

The  preceding  analyfis  dcyelopcs  this  an- 
cient principle  of  chemiftry,  that  [fire  is  the  agrnt 
*f  all  dijfolution.    This  proportion  is  true,  but  only 

F  3  mediate  H; 
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mediately ;  for  light  is  the  firftagent  of  every  the- 
inical  qpeiatioti.  By  light  united  to  fame  fub 
fttnce  hitherto  uftdeterfninfcd,  fire  receives 
cxiftchce.  By  fire  the  particles  of  water  f  humor  J 
itccive  their  liquidity,  that  is,  the  power  of  obey-* 
ing,  although  contiguous  to  each  other,  not  onlt 
their  own  tendencies^ but  thofe  they  acquire  by  the 
addition  of  otto*  particles*  By  thefe  additions  the 
particles  of  witefr  are  more  br  left  difpofed  to  re-> 
tain  or  to  ttceive  the  fire  of  Uquifaftion. 

Marine  fait  hnay  be  cdhfidertd  as  a  rcfraftory 
folid,  and  cotnmon  ice  as  a  fufible  folid.     Theft 
two  foiids  being  mixed  above  a  certain  tempera- 
ture, have  the  pdwer  of  fcizing  in  common  tW 
firt  of  liquifadion  at  ill  pbints  where  they  touch 
This  is  the  general  principle  of  other  fufiom  by 
fluxes.    For  experiment  teaches  us,  that  certain  fo- 
iids being  mixed  can  receive  the  fire  of  liquifadion, 
whfcncfc  the  affinities  of  their  ingredients  have  an 
dpportunity  of  a&ing*  Experiment  hns  alfo  (hewn* 
that  in  order  that  they  may  receive  tnbte  elfily  the 
firt  of  liqlilfadtion,  or  that  in  their  common  liqui- 
faftion,  the  foiids  defigned  to  be  produced  may 
be  forfried,  or  eVen  fcpftrdte  theftifelvcs  by  a  dif- 
ference in  fpecific  gravity,  they  muft  be  deprived 
bf  certain  ingredients.    Now  here  again  fire  comes 
in  to  out  aid  j  by  it's  agency,  and  that  of  dtmofpheric 
air,  certain  expartfiblc  fluids  are  formed,  others  art 
abforbed,  and  the  foiids  thus  torrificd  are  ready  togd 
into  the  furnace*  and  receive  the  fire  of  liquifa&iom 

On  Water  in  a  State  of  Vapour. 

Though  I  havfe  explained  in  my  Le&ures  on  firt 
iK*  rnore  particular  phenomena  that  take  pjace  in 
•*<  y*Hage  of  water  into  vapour*  I  havealk)  (hewn 
*t  ttat  water  heated  to  2 1 20,  when  the  baroinctej 
x  :yi>  Hies  off  in  vapour,  and  becomes  an  elaftic 
'ftudjaefcaft  8o°  tl^cs  m°rc  rare  than  air.    Thi: 

elafti< 
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elaftic  fluid  or  fteam  is  the  moft  powerful  agent 
~fct  can  be  Applied  to  working  of  engines,  where 
Vgre&t  mechanical  power  is  required.  This  fubject 
being  thereby  rendered  of  the  grcatcft  importance 
to  arts  and  manufactures,  you  will  not,  I  hope, 
think  your  time  mifapplied  in  reconfidering  the 
nature  of  this  wonderrul  agent ;  t!ie  more  as  it 
will  in  fome  refpe&s  be  exhibited  under  a  differ- 
ent point  of  view,  and  with  fome  circumftances 
which  we  did  not  before  attend  to. 

The  quantity  of  fire  neceflary  to  turn  water 
into  fleam  is  immenfely  great,  as  you  may  eafily 
convince  yourfelves  from  the  operation  of  a  com- 
mon ftill,  by  obferving  the  vaft  heat  received  by 
the  water  in  the  worm-tub  ufed  to  cohdenfe  the 
vapour.    You  may  ftrengthen  this  idea  by  confider- 
ing,  that  if  a  vtflfel  of  water  be  placed  on  a  good 
fire#  and  that  though  you  increafe  the  power  of 
this  fire  to  the  higheft  degree  capable  by  human 
art,  yet  you  cannot  raife  the  temperature  of  the 
water  above  the  boiling  point.     Now  what  can 
become  of  the  vaft  acceffion  of   fire  which  the 
water-  in  the  veflel  is  conftantly  receiving.    It  goes 
off  jvith  the  fteam  raifed  from  the  water,  and  may 
be  again  obtained  from  it  by  condenling  the  va- 
pour.    If  you  prevent  the  ft&m  from  flying  off# 
as  in  Papin's  digeftcr,,  it  will  retain  the  heat   it 
has  acquired  from  the  lire;  where  the  confined  wa- 
ter will  be  found  fo  hot  as  even  to  diflblvc  bones, 
and  to  produce  fuch  cffe&s  as  J  have  already  de- 
fcribed  to  you.      Yet  this  lire,  when  combined 
with  the' vapour,  is  as  it  were   neutralized  and 
rendered  with  refpeft  to  external  objedls  quief- 
cent. 

To  eftimate  the  expanfivc  force  of  water 
reduced  into  vapour,  I  know  no  inftrument  fo 
convenient  as  that  of  Mr.  le  Chevalier  de  Bettan- 

F  4  court. 
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court**  It  cpnfifts  of  a  veflel  A  pltced  upon  a  cha- 
fing dift  B,  having  one  opening  at  top,  to  which i 
curved  barometer  is  adapted,  ami  another  to  whfcb 
a  thermometer  is  filled,,  and  a  thrjed  with  a  cock; 
thefe  are,  you  fee,  fo  difpofed,  that  when  the  cock 
is  (hut  there  is  no  communication  between  tkfe 
interior  fpace  and  the  exterior  air. . 

When  the  cock  is  open,  and  the  water  is  not 
heated,  the  mercury  will,  of  courfc,  be  at  ancqad 
height  in  each  of  the  branches  m>  m.  If  the  air  he 
then  exhaufted  from  the  large  veflel  A,  and  the  cock 
be  (hut,  the  mercury  will  rife  from  pi  to  k  in  one 
branch,  and  defcend  from  m  to  k  in  the  other  j .ft 
that  the  water  being  fuppofed  to  be  at  the  freezing 
point,  the  difference  between  k  sod  k  will  be  %i 
inches. 

Let  the  water  be  heated  rapidly,  and  you  wil 

perceive  the  firft  figns  of  ebullition  by  it's  ftrikini 

ajpinft  the  veflel,  which  it  will  do  with  fo  mucl 

twee  as  to  (hake  the  whole  apparatus ;  at  the  fam< 

time  the  mercury  in  the  thermometer  will  rife 

jhhJ  that  in  the  barometer  will  fall  ;  and  when  tin 

mercury  is  at  the  fame  height  in  each  leg  of  the 

i>j,\hon,    the   thermometer  will  be  at    212°,  the 

ytctfurc  of  the  ftcam  at  this  temperature  being  an 

C**rt  countcrballancc  to  the  weight  of  the  atmo- 

lpocc*.   If  you  n°w  increafe  the  heat  of  the  waterj 

tj*t  tt^rcury  will  rife  in  the  branch  on  which  the 

to*  KttiVs,  and  defcend  in  the  other;  thediffer- 

•KC  wiV  depend  on  the  temperature  of  the  water, 

M  ^BCirifai  expanfive  force  of  the  fteam.     If  you 

— 1^>  thia* difference  in  the  two  columns  of  mer- 

tkc  Wight  of  the  mercury  in  a  common  ba- 

tticir  fum  will  exprefs  the  height  of  a 

*■  '•  ...:.*    ,Column 

i   . 

.\\%of  pi-  6»  vol.  i.  I  have  before  obferved,  that  the 
hVtltr  wefe  originally  dcfigncd  to  make  a  part  of  the 
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column  of  mercury,  rcprcfenting  the  expanihe 
force  of  the  ftcam.  The  ditference  in  the  level 
muft  be  ufed  pofitively  or  .negatively,  according 
as  the  thermometer  is  above,  or  under  212. 

There  is  no  occafion  for  two  barometers;  if 
the  open  end  of  this  was  fealed,  it  might  then  be 
filled  like  a  fyphon  barometer. 

With  this  apparatus  Mr.  Bettancourt  made  a 
wiety  of  experiments,  the  refults  of  which  arc 
given  in  the  following  table: 

TABLE. 

Jkp%a  of  Eestmtur's  thermometer.  Eipanfive  force. 

O O.OO 

id  0.15 

20  O.65 

30  I.52 

•4O  2.92 

50  5-35 

60  9.95 

67  14.50 

70  16.90 

86  28.00 

90  46.40 

95  57.80 

100  71.80 

1O4  84.00 

no  98.0* 

When  vapour  is  expofed  to  a  great  heat,  it's 
bulk,  ai  you  have  fecn,  is  confiderably  augmented ; 
at  212°  water  is  only  rarified  to  26;  but  with  the 
fame  degree  of  heat  vapour  is  expanded  to  13  or 
14000  times  the  Volume  which  it  occupied  as 
water.  Of  this  you  may  eafily  aflure  yourfelves, 
by  taking  a  glafs  tube  with  a  ball  at  the  end  there- 
of 2  inches  diameter ;  let  a  drop  of  water  pafs 
into  the  ball  of  one  line  diameter;  the  folidity  of 
fhcfe  two  fphcrcs  will  be  to  each  other  as  13824 
3  to 


«  x  c^iiaas;  vfhsn  :*  uitmftetf 
■?*.:t:r?,  ui^rrccr  xc  nw  snii  rr  x  «r«-r*  er  boZhnce 
-x-iirr.  rie  rrrTurs  *r  rr*  cmn  timet  viH  ptrefs 
cl**-t  rM  ru**nr  tt?  x  5n-:-s  rrrroracrahf*  to 
rrc  -L-rx    *r  rre    ;i.—irs    rnr  -r\_  rxie  aa  equal 

"  **  xrrr.  i?  *ru  m**  .Virr  mi*  bie  rxr:£ed  near 
t^c^c  xrek  r^vi  vis  ciru-rj?  c:  fjcr^frg  a  va- 
cuum b^  x  ic^rrr  jc  b*rxr  rxpible  of  karpig^ 
«k:  ~  x  bc»l  rs:  fri^ :  b-i  :icr=i£2g  the  heat 
fee  ha^t  alio  :Virt.  :hir  the  sxraL^f*?  force  of  tbc 
Seani  r/-iv  be  rrcc^.^i  -vwei  fircr^r.  The  fleam 
itay  be  ccsdenftc  cr  rei-iced  ro  *x:er  by  a  jet  of 
>>ld  va:er  difpenai  ar.>aag:  ::,  fo  rhat  14Q00  cubic 
oches  of  £eam  tray  be  reduced  into  one  cubic 
nch  of  warer  only,  and  thus  a  vacuum  is  parf$| 
Stained. 

Though  the  prcflure  of  the  atmofphere 
"W  14A  pounds  upon  every  fquarc  inch,  yet 

accou 


Nature  Atfb  Properties  of  WAtER.      57 

account  of  the  pifton  of  the  feveral  parts,  of  the 
imperfection  of  the  vacuum,  the  pifton  in  the 
tommon  engines  docs  not  defcend  with  a  force  ex- 
ceeding &  or  9  pounds  upon  every  fquare  inch  ot 
it's  furface.  In  Mr*  Watt's  improved  engine,  are 
about  12  pounds  And  a  half  upon  every  fquare 
inch. 

The  pifton  beirig  pfefled  by  the  atmofphere 
with  a  force  proportionable  to  it's  area  in  inches* 
taultiplicd  by  about  8  or  9  pounds,  deprefles  that 
tnd  of  the  lever,  and  raifes  a  colutnn  of  water  in 
the  pumps  at  the  other  end  of  the  beam  equal  to 
that  weight.  When  the  ftcam  is  again  admitted, 
the  pifton  is  forced  up  by  it's  expanfive  power* 
and  the  pump  rods  fink;  but  when  the  (team  is 
condenfed,  the  pifton  defcends,  and  the  pump  rods 
Hfc ;  and  fo  alternately  as  long  as  the  engine  works. 

KIr.  de  Luc's  Thoughts  on  the  State  of  Aque- 
ous Vapour  in  the  Atmosphere  and  Laws  of 
e  vapor  at  ion* 

As  no  pcrfoA  has  paid  fo  much  attention  to 
taeteorology  and  the  branches  of  philofophy  relating 
thereto,  as  Mr.de  Luc,  I  fhould  not  think  I  had  given 
you  an  accurate  idea  of  this  fubjed:  without  laying 
before  you  the  refult  of  his  experiments  and  obferva- 
tions ;  and  I  may  venture  to  afTert,  that  you  will 
make  very  little  progrefs  in  this  part  of  philofo- 
phy, unlefs  you  are  matter  of  his  principles. 

Mr.  de  Luc's  notions  concerning  rain  wcrt 
firft  changed  from  an  obfervation  on  the  glari* 
jfr  Buet%  of  a  degree  of  drynejs  in  the  air%  abf 
lutely  unknown  in  the  valley  at  the  fame  temptft 
ture.   This  obfervation,  followed  by  others,  lea  Mr 
finally  to  conclude,  u  that  rain  does  not  pro* 
fir©  ifture  which  exiftcd  in  the  atmo 

JfT  'rmacion  of  the  rainy  clouds." 

lents  with  bis  hygrometer  fc 
fl>  may  be  entirely  deprived  01 

imn 
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immediate  produff  of  evaporation  £  the  confcqucncc 
of  which  is  abjolute  drynefs.  The  fame  inftrument 
lhews,  that  this  product  of  evaporation  has  a  maxi- 
mum) variable  with  the  temperature,  but  cottfant 
under  the  fame  temperature.  The  hygrometer  is 
fixed  by  thefe  two  ftates  of  air  ;  no  method  of  dry- 
ing or  of  moiftcning  make  it  pafs  beyond  thefe 
boundaries,  which  thus  become  the  extremes  of  a 
fcale,  referring  to  a  total  cefTation  or  maximum  of 
moifture. 

In  the  fame  hands  the  hygrometer  has  ferved 
to  fix  our  ideas  of  the  caufe  by  which  water  fimpty 
evaporated   in  air  may   be  precipitated.      Thefe 
caufes  are  the  fame  with  thofe,  which  in  air,  where 
the  quantity  of  water  evaporated  does  not  change, 
occanon  an  augmentation  of  humidity,  the  necef- 
fary  forerunner  of  the  precipitation  of  water.  Expe- 
rience points  out  two,  and  only  two,  the  condenfm 
of  air,  or  it's  being  cooled.  Some  philofophers  have 
thought  that  humidity  was  increafed  by  rarifying 
the  air;  forming  their  opinion  from  thofe  experi- 
ments, where  the  air  in  a  receiver,  on  being  rari- 
fied,  produced  a  mift  or  fog.  Meffl  Wilcke/Nairiie, 
and  dc  SaufTure  have  (hewn,  that  if  care  be  taken  to 
exclude  from  the  apparatus  every  frefh  fource  of 
evaporation,  the  rapfadion  of  air  promotes  drynefs. 
The  phenomena,  on  which  the  contrary  hypothefis 
is  founded,  arife  from  water  left  in  the  apparatus, 
and  the  mift  is  produced  by  the  acceleration  of 
evaporation  in  the  rarificd  air,  and  the  inftantanc- 
ous  cooling  of  the  fpace  containing  the  air.     The 
water  which  evaporates,   preferving  fenfibly  the 
fame  heat  which  a&ed  on  it  before,  fills  the  re- 
ceiver with  vapours  more  denfe  than  the  maxi- 
mum relative  to  the  momentary  diminution  of  tem- 
perature, confequently  they  precipitate  themfelves 
fuddenly.      Thus  this  theory  correfponds  with  the 
phenomena  of  the  precipitation  of  water  by  the  nw 

rifadion 
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rjfa&ion  of  air,  which  is  unaccountable  on  the 
fiippftfitiort  of  the  diflblutlon  of  water  by  air :  for  in 
riie  latter  hypothefls  the  particles  of  water  are  united 
by  affinity  to  the  particles  of  air.  But  neither  the 
tneory  of  affinities,  nor  any  fadt  concerning  them, 
authorizes  us  to  believe,  that  two  fubftances  thus 
united,  ihduld  acquire  a  tendency  to  feparate,  be- 
caufc  the  particles  of  the  mixture  were  removed  to 
a  greater  di fiance  from  each  other ;  a  circumftance, 
Which,  as  it  leffens  their  tendency  to  each  other, 
ought  to  give  them  a  better  opportunity  for  exer- 
cifing  their  affinity  to  water. 

Humidity  cannot  therefore  be  increafed  by 
this  caufe,  fincc  the  augmentation  of  humidity 
would  be  a  fign  that  water  was  feparating  itfelf 
.  more  efficaciously  from  the  particles  of  air.  Now 
in  Mr.  de  Luc'%  theory,  when  an  aqueous  fluid . 
mixed  with  air  produces  moifture  therein,  this 
moifture  muft  be  diminilhed  by  rarifying  the  air. 
And  this  is  really  the  cafe,  for  there  is  left  water  in 
the  receiver  after  a  portion  of  the  vapour  has  been 
pumped  therefrom.  The  temperature  is  foon  alfo 
rc-eftablifhed  by  the  fire,  which  pafles  through  the 
receiver,  to  fupply  the  place  of  that  which  was  car- 
ried away  with  the  vapour. 

Rarifying  the  air,  when  the  quantity  of  eva- 
porated water  remains  the  fame,  is  therefore  a 
caufe  of  dryne/s,  inftead  of  humidity.  Now  with 
refpeft  to  the  other  caufe  of  an  increafe  of  moif- 
ture, the  condenfation  of  the  air,  it  cannot  be  fup- 
Gfed  in  the  atmofphere  ;  there  remains  therefore 
t  one  caufe  by  which  we  can  account  for  the  pre- 
cipitation of  water  which  is  evaporated  in  open 
air,  namely  cold ;  and  from  time  immemorial  thofe 
who  have  endeavoured  to  explain  rain  by  this  caufe, 
Have  had  recourfe  to  ftrata  of  air  in  motion,  which 
**»  l*fs  warm  than  thofe  they  met ;  but 
"-  cb' 

When, 


Nature  and  Properties  of  Water,     yy 

departure  from  the  glacier,  it  was  covered  with 
clouds,  and  before  they  had  attained  their  lodging 
there  was  a  heavy  rain  from  the  very  ftratum, 
v^hich  a  little  before  was  fo  exceeding  dry;  the  rain 
continued  during  the  whole  night,  and  part  of  the 
flat  day. 

Mr.  de  Sau fibre  has  confirmed  thefc  obferva- 
tions  of  Mr.  de  Luc  by  many  more,  which  at!  tend 
to  prove  the  great  drynefs  of  the  atrnofphere  in 
thefc  fuperior  regions. 

The  water  which  is  at  the  Lower  part  of  the 
wmofpherc  is  continually  evaporating  and  riling  in 
the  air,  but  this  evaporation  docs  not  increafe  the 
moifhire  therein  ;  for  in  a  dry  fcafon  it  goes  on 
diminifhing,  the  ground  at  laft  becomes  dry,  the 
vapours  difcontinuc,  and  the  dew  ceafes  every 
uhcrc  but  near  water.  This  phenomenon  docs  not 
however  appear  furprizing  to  thoie  who  imagine, 
that  the  evaporated  water  is  collected  in  the  higher 
regions,  where  the  clouds  are  formed.  But  this  idea 
nmft  be  abandoned,  for  we  now  know,  that  infe- 

Iher,  before  the  clouds  are  formed,  and  even 
wng  the  clouds,  the  upper  regions  are  at  leaf  as  dry 
lower  part  of  the  atrnofphere,  in  it's  greateft 
%rtt  of  drynefs %  at  the  fame  temperature.     Thefc 
Duds  are  not  therefore  formed  from  the  moifturc 
of  the  air.     The  immediate  product  of  evapora* 
n  in  fome  manner  changes  it's  nature  in  the  at- 
rnofphere, for  it  docs  not  fenfibly  affect  the  hygro- 
»ter;  and  it's  return  to  a  itate  of  aqueous  vapour 
produce  clouds  and  rain,  proceeds  from  fomc 
cauic  of  which  we  are  ignorant. 

Of  the  various  hypothefes  to  refolve  this  d 

ficulty,  that  of  Mr.  de  Luc  is  the  mod  probable, 

o  fbppo fes,  that  the  aqueous  vapours  are  turned 

the  atrnofphere  into  an  aeriform  fluid,  and  that 

in  proceeds  from  the  decompojition  of  this  air.    On 

js  hypothecs  it  is  cafy  to  perceive  why  the  | 

5  grometer 
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grometcr  is  not  affected  by  the  quantity  of  water 
that  is  often  cxifting  in  the  atmofpherc. 

The  difference  between  water  as  vapour,  and 
as  an  aeriform  fluid,  confifts  in  this  ;  that  in  va- 
pour the  union  of  water  with  fire  is  very  weak,  and 
is  cafily  deftroyed  by  prejfure  or  cold;  but  by  the 
addition  of  another  fubftanee  it  lofes  thefe  pro- 
perties, and  becomes  an  aeriform  fluid.  There  arc 
many  reafons  for  fuppofing  that  a  variety  of  aeri- 
form fluids  are  included  in  the  atmofpherc,  which 
by  refilling  the  operations  ufed  to  dirniniih  the  at- 
mofpherc are  unknown  to  us*  Now  the  operatio 
of  thefe,  or  of  other  fubftanccs  in  the  air,  may  dc- 
compote  water  confidered  as  an  aeriform  fluid,  and 
thus  occafion  rain.* 

The  variations  of  the  barometer  feem  natu- 
rally to  le^d  us  to  fome  fuch  conclusion ;  for  vrhca 
the  barometer  falls  as  a  lign  of  rain,  it  is  from  a 
change  in  the  fpecifk  gravity  of  the  air;  but 
Mefirs.  de  Luc  and  de  Sauflure  have  proved,  that 
there  never  is  a  fufficient  quantity  of  vapour  in  the 
atmofphere  to  occafion  the  difference  produced  by 
this  inftrument.  There  arc  many  other  phenomena 
which  are  not  accountable  on  the  ufual  principles, 
and  condud  us  to  look  for  fome  further  change  in 
the#  theory  of  the  atmofpherc. 

Laws  of  Evaporation  by  M.  de  Luc. 

M.  de  Luc  here,  as  before,  confiders  moif- 
ture  in  the  air,  as  the  modification  of  a  particular 
fluid,  confuting  of  water  and  fire,  mixed  with  the 
air,  but  independent  thereof. 

He  alfo  confiders  evaporation  (which  occa- 
fions  this  moifture)  as  an  operation  of  fire  without 
the  interference  of  air. 

That 

*  The  reader  mutt  be  referred  to  M.  de  Luc's  Letters,  tm 
learn  why  the  French  theory  of  the  decompofition  of  water  does 
not  apply  to  this  cafe. 
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That  it  is  an  operation  of  fire,  is  plain ; 
liquor  cools  when  it  cvaporat.  lufe  the 

portion  of  the  fluid  that  difappears,  carries  away  a 
quannty  erf  fire  from  the  liquor. 

(hewn,  that  in  the  ordinary 
evaporation  of  water  in  open  air,  the  quantity  of 
heat  loll  by  the  mafs,  bears  to  the  quantity  of 
Mater  carried  away,  a  greater  proportion  than  that 
which  is  found  in  the  fleam  produced  by  boiling 
r,  There  is,  therefore,  no  room  to  doubt  that 
fleam  is  formed  in  the  fir  ft  as  in  the  laft  cafe. 

Whenever  water  is  \n  a  itate  of  evaporation, 
fluid,  compofed  of  water  and  fire 
.    To  this  fluid  M.  de  Luc  gives  the  name 
..m.     I  ufe  this  and  vapour  indifferently. 

is  fteam  exifts,  it  exerts  a  power  of 
air  itfclf ;  but  it  does  not  belong  to 
theel  uanent  elaftic  fluids,  as  it  may  be 

mpofed  either  by  preiiure  or  by  cooling. 
There  is,  as  you  have  fecn,  a  material  differ- 
n  what  arc  called  permanently  elaftic 
or  the  vapour  of  water ;  the  former 
known  degree  of  atmofpheric 
tout  being  deeompofed  ;  but  vapour  is 
mpofed  by  too  great  a  prcfTure,     The  parti- 
■»f  the  water  being  hereby  brought  nearer  to- 
gether ill  1  quit  the  lire,  which    in  paflmg 
i  rhem  manifefta  it's  ufual  properties. 
Permanently  elaftic  fluids   cannot   be   deeom- 
pofed in  veflels  hermetically  fcaled,  becaufe  they 
are  thereby  prevented   from  receiving  the  adion 
of  the  bodies  with  which  they  have  a  greater  affi- 
nity  than  with  thofc  which  fupport   them  in  an 
aeriform  ftate  ;  but  fteam  01  may  be 
deeompofed  in  .veflels  hermetically  iealed,  from  the 
tendency  of  the  fire  with  which  it  is  united  to  an 
equilibrium;   thus,    when  the  exterior  heat  dimi- 
nilhes,  the  fire  quits  the  water  to  rc-eftabliih  the 
Mm  II.                      G                      equilibrium 
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equilibrium  of  temperature.  If  the  fire  becomes 
fufficiently  abundant  on  the  outfidc,  it  re-enters 
the  veflcl,  and  vapours  are  again  farmed.  * 

As  the  expanfivc  property  of  vapour  depends, 
every  other  circumftancc  being  the  fame,  on  fire, 
it  is  greater  in  proportion  as  the  particles  contain 
a  greater  quantity. 

It  appears,  that  fteam  is  decompofed  either 
by  preflure  or  by  cooling ;  becaufc  at  a  given  tern- 
pcrature  it  has  a  certain  fixed  maximum  of  denfitr, 
which  increafes  with  the  temperature. 

Thus,  when  the  fluid  is  arrived  at  the  maxi- 
mum correfpondent  to  a  certain  temperature,  k 
will  be  decompofed,  either  by  being  cooled,  it's 
maximum  being  too  great  for  this  temperature,  or 
it  will  be  decompofed  by  an  increafe  of  preflure 
without  any  change  of  temperature;  for  here  it's 
denfity  is  too  great  for  that  temperature :  in  cither 
cafe  the  water  is  feparated  from  the  fire,  which 
fupported  it  as  fteam. 

The  degree  of  preflure,  or  expanfive  force, 
excrcifed  by  fteam,  or  which  it  can  fupport  with- 
out dccompofition,  depends  on  temperature,  and 
is  proportional  to  it's  denfity. 

Steam  is  formed  at  every  temperature  where 
a  previous  fpacc  permits  it's  expanfion ;  but  no 
fteam  can  be  formed  where  it  has  to  overcome  an 
obftaclc  fupcrior  to  it's  expaniive  power  at  that  de- 
gree of  temperature  ;  and  if  it  be  formed,  becaufc 
the  obftaclc,  or  prclTure,  did  not  exceed  it's 
power,  yet  if  the  preflure  increafes,  or  the  tem- 
perature lowers  ever  fo  little,  it  is  totally  dc- 
corhpofed. 

It  is  thefc  circumftances  that  determine  both 
the  degree  of  heat  at  which  water  begins  to  boil, 
and  the  variations  of  that  degree,  according  to  the 
variations  of  preflure  ;  for  ebullition  is  that  ftatc  ol 
a  liquid  in  which  fteam  is  continually  formed  with- 
in 
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In  itfelf,  notwithffanding  the  externa!  preffure;  and 
to  produce  this  cxpanlive  power  in  Ream,  a  certain 
jree  of  heat  is  necefiary  in  the  fluid,  which  is 
:rmincd  by  the  degree  of  preffure.     As  for  the 
ity  of  the  degree  of  boiling  water  under  a  con- 
it  preffure;  it  is  produced  by  the  equilibrium 
tuecn  the  quantity  of  (ire,  which   continues  to 
nctrate  the  water,  and  that  which  goes  off  in 
the   differences  which   may  happen  in  the 
itity  of  fire  that  penetrates  the  water,   having 
no  other  fenllble  effect  than  that  of  producing  a 
or  Icfs  rapid  formation  of  fleam. 
From  hence  we  may  perceive  the  difference 
between  the  phenomena  of  common  evaporation 
and  ebullition*     Ebullition   requires  a  determined 
degree  of  hear,  becaufe  the  fleam  cannot  be  farmed 
thin  the  water,  unlefs  it  is  fufikieatly  ftrong  to 
overcome  the  actual  prcflure  on  the  water:   but  in 
common    evaporation    the    fleam    and    vapour   is 
formed  at  the  furface  of  the  water  by  every  degree 
of  temperature ;  for  it   meets   with  no  refinance, 
hut  what  it  can  always  overcome;  it  mixes  only 
^ith  the  air,  and  this  it  expands  in  proportion  to 
it's  quantity,  in  the  fame  manner  as  if  it  were  a 
quantity  of  air. 
The  fleam,  formed  by  common  evaporation, 

K"  the  fame  nature  with  that  of  boiling  water; 
with  refpeit  ta  the  prcflure  it  undergoes,  it  is 
ar  to  that  produced  by  evaporation  under  an 
►xhaufted  receiver.  Under  the  exhaufbed  receiver, 
he  refiftance  the  fleam  meets  with  is  from  itfelf, 
nd  is,  confequently,  proportional  to  it's  own  ex- 
lanflve  power.  In  open  air,  the  part  of  the  whole 
ircffure  incumbent  on  the  ftcam  is  to  that  whole, 
s  it's  power  is  to  that  of  the  whole  mafs,  the  reft 
f  the  prcflure  being  fupportcd  by  the  air  with 
rtiich  it  is  mixed  ;  which  proportion  in  the  pref- 
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fure  fteam  undergoes,  brings  it  exactly  to  that  of 
the  firft,  as  is  proved  by  experiment. 

When  the  thermometer  is  at  65°,  the  maxi* 
mum  of  evaporation  in  an  exhaufted   receiver,* 
iupports  0.5    inch  of  mercury   in  the  fhort  banv 
nieter  gage.    That  the  evaporation  in  vacuum  has 
the  fame  caufe  as  in  open  air,  is   clear   from  the 
lofs  of  heat  by  lti£  liquid  in  this  cafe,  as   well  as 
the  other:  an  equal  preffiire  is  alio  produced,  and 
added  to  that  of  ihe  air^  when  the  receiver  is  filled 
with  air,  as  will  appear  by  the  following  example: 
If  the  thermometer  be  ftili  about  95,  and  the 
receiver  he    filled  with  air  of  the  lame  dcflttty  as 
that  in  the  room!  a  barometer  placed  in  that  re- 
ceiver, will  Hand  at  the  fame  height  as  in  the  opca 
air,     If  a  fufficicnt  quantity  of  water  be  introduced 
for  producing  the  maximum  of  evaporation,  the 
inclofcd  barometer,  like  the  gage,   will  rife    0*5 
of  an  inch. 

Now  as  the  barometer  is,  in  every  cafe,  a 
manometer,  the  phenomena,  obferved  in  clofe  vcf- 
fels,  give  us  a  true  idea  of  what  happens  to  fteam 
in  the  atmofpherc.  Wherf  fteam  is  mixed  with 
air,  be  the  mafs  Ihtit  up  in  a  veffel,  or  be  it  in  a  cer- 
tain part  of  the  atmofpherc,  diftindt  by  it's  place, 
both  fluids  will  adl  on  the  barometer,  or  on  every 
obflaclc,  and  thus  againft  each  other,  according 
to  their  refpedtive  power ;  becaufe  no  mechanical 
caufe  can  produce  the  decompofition  of  fteam, 
but  by  forcing  it's  particles  to  come  nearer  each 
other,  than  is  confiftent  with  the  temperature  by 
which  they  are  fupported  ;  which  cafe  cannot  hap- 
pen in  the  atmofphere,  except  by  the  accumula- 
tion of  fteam  in  fome  part  of  it ;  fincc  elfe- 
wrhere  it  only  remains  mixed  with  the  air,  accord- 
ing to  it's  own  laws,  as  if  there  were  no  air. 

Mr. 

*  The  mean  refuits  of  experiments. 
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Mr.  de  Luc  confidcrs  the  whole  theory  of 
hygrology  a  fciencc,  whofc  objects  arc,  in  general, 
the  caufe  of  evaporation,  and  the  modifications  of 
evaporated  water,  as  comprehended  in  the  fore* 
going  propositions. 

The  common  fource  of  the  water  thus  difle- 
minated  in  the  atmofphere,  is  the  furface  of  the 
earth ;  whence  in  fpontancous  evaporation,  both 
in  air,  and///  vacuo,  as  well  as  in  ebullition,  we 
fee  water  carrying  oft"  latent  fire. 

If  the  product  be  collected  in  a  clofe  fpacc,  it 
acts  in  the  fame  manner  as  a  new  quantity  of  ex- 
panfivc  fluid. 

It  is  known,  by  experience,  that  an  expan- 
five  fluid  is  really  produced  by  ebullition,  and  by 
evaporation  in  an  exhaurtcd  receiver ;  and  no  good 
rcafon  can  be  alligncd  to  fhcwr  why  the  caufe  of 
evaporation,  and  it's  produd,  fhould  change  in 
any  cafe  only  by  the  prefence  of  air ;  and  on  ex- 
amining what  may  happen  in  open  air,  we  find  no 
particular  caufe  of  the  deftru&ion  of  that  expansi- 
ble fluid,  or  any  difficulty  in  conceiving  it's  dif- 
femination  in  every  part  of  the  atmofphere. 

-Here  we  lofe  fight  of  fleam  ;  for  watery  va- 
pours arc  not  difcernible  of  themfclves,  and  it  is 
on  this  account  they  are  not  perceived  in  the  at- 
mofphere. Mixed  therewith,  they  are  not  to  be 
diftinguifhed  from  it,  b&caufe  they  are  as  trans- 
parent as  itfelf.  In  a  vacuum  they  would  be  taken 
for  an  claftic  fluid,  if  we  judged  of  them  only  by 
their  mechanical  effedts,  without  fubjecting  them 
to  a  chemical  analyfis.  In  the  air  their  mechanical 
a&ion  is  as  little  perceivable  as  that  of  any  fcat- 
tered  particles  ot  air  ;  and  we  fhould  be  ignorant 
of  their  fun&ion  in  the  atmofphere,  if  it  were  not 
for  their  property  of  producing  moiflurc.* 

G  3  Of 

*  Sec  Mr.  dc  Lucfi  paper  in  the  flcond  part  of  the  Philofo- 
phical  Tranfa&ions  for  1792. 
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Or  Vesicular  and  Concrete  Vapour. 

When  vapour  or  fleam  is  decompofed,  if  it 
be  contiguous  to  fubftances,  whofe  hegt  is  left  tha» 
)t's  own,  the  fire  quits  the  vapour,  and  the  water 
is  depofited  on  the  fur  face  of  the  body  in  the  fori? 
of  dew,  and  in  drops. ,  When  the  heat  is  as  low  as 
Congelation,  the  vapours  are  cryftaliized,  and  de-> 
pofited  in  regular  and  curious  forms. 

If  there  are  no  fubftances  contiguous. to  the 
vapours  in  the  air,  the  particles  of  water  unite,  an4 
form  either  fpherical  foiid  drops,,  hollow  fph$re^ 
or  congealed  icicles. 

The  folid  drops  unite  and  form  rain.  The 
icicles  are  the  firft  elements  of  fnow  ;  but  as  they 
are  often  very  minute,  and  remain  fufpended  in 
the  air,  where  they  produce  different '  meteors, 
Mr.  de  Sauflurc  ranks  them  in  the  clafs  of  vapour, . 
and  gives  them  the  name  of  concrete  vapour. 

The  cxiftence  of  the  hollow  fpheres,  or  vefi- 
tular  vapours,  has   been  often  fuppofed,   before 

{>hi!ofophers   were   able    to  exhibit    them   to  the 
cnies.     The  fimpleft  and  mod  inftructive  manner 
of  obferving  them,  is  to  expofc  a  cup  of  fomc 
*arm   aqueous  fluid,  of  a  dark  colour,  as  coffee, 
or  water  mixed  with  ink,   to  the  rays  of  the  fun 
\n  a  fine  day,  when  the  air  is  very  calm  ;    a  cloud 
*dl   rife  from  the  fluid  to  a  certain  height,   and 
tjlcn  difappear.     An  attentive  eye  will  foon  dif- 
vV*ti  that  this  cloud  confifts  of  fmall  round  grains, 
y>t  A  *hitifh  colour,  and  detached  one  from    the 
other*     To  acquire  a  more  diftinct  idea  of  their 
■feint  *ou  may  obferve  them  as  they  rife  from  the 
ibiAo:^t  ^c  liquor,  with  a  lens  of  about  one  inch 
mfcitttt  focus;  being  careful,  however,  to   keep 
^  $ut  of  the  vapours,  that  they  may  not  de- 
^•l*  it's  tranfparency. 

v*l  xpay  thus  obferve  fpherical  balls  of  dif- 
ferent 
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ferent  fizes  proceeding  from  the  furface  with  more 
or  lcfs  rapidity.  The  more  delicate  rife  with  ra- 
pidity, and  foon  traverfc  the  field  of  the  lens  ;  the 
larger  fall  back  into  the  cup,  and  without  mixing 
with  the  fluid,  roll  upon  it's  furiacc  like  a  light 
powder,  which  obeys  every  impulfe  of  the  air, 
and  arc  blown  from  one  edge  of  the  cup  to 
the  other,  even  when  there  is  no  apparent  agita- 
tion in  the  air.  Thcfe  globules  may  be  feen  on  a 
fudden  to  begin  to  move,  the  ftnalleit  riling  by 
an  agitation  of  the  air  imperceptible  to  our  fenfes, 
flying  off  and  difappcaring,  whilft  the  largeft  re- 
main rolling  on  the  furface  without  quitting  it* 
at  other  times  you  fee  fomeofthem,  which  were 
fufpended  in  the  air,  defcend  to  the  furface,  and 
there  reel  a  while  like  pigeons  on  a  ground  frelh 
Town,  then  on  the  fmallcit  agitation  rife  again,  and 
fly  away. 

The  lightnefs  of  thefe  fmall  fphcres,  their 
whitenefs,  &c.  gives  them  an  appearance  altoge- 
ther different  from  folid  globules  ;  their  perfedt 
refemblancc  to  the  larger  balls  that  are  fcen  floating 
on  the  furface  of  the  liquid  can  leave  no  doubt  of 
their  nature;  it  is  fufficient  to  fee  them  to  be 
convinced  that  they  are  hollow  bubbles,  like  thofe 
blown  from  water  and  foap. 

Mr.  Kratzenftein  endeavoured  to  cftimate 
their  fize,  by  comparing  them  with  an  hair,  and 
found  they  were  1 2  times  fmallcr  than  the  hair, 
whofc  diameter  was  the  300th  part  of  an  inch,  and 
confequcntly  one  of  thefe  was  only  the  3600th  part 
of  the  fame  meafure. 

■  To  obferve  them  more  readily,  Mr.  de  Sauf- 
fure  ufed  a  kind  of  eolipile,  formed  of  two  balls, 
i.  e.  a  glafs  tube  fcaled  at  A,  jig.  10,  />/.  5,  vol.  i. 
open  at  D ;  the  two  balls  communicating  with 
tach  other,  and  the  opening  or  neck  D.  He  let 
G  4  fo.nc 
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fame  drops  of  water  pafs  into  the  ball  B,  and 
placed  it  over  the  flame  of  a  fpiricof  wine  lamp; 
fpirit  of  wine  uas  ufed  that  the  balls  might  not 
be  obfeured ;  as  foon  as  the  water  is  fenfibly  heated 
in  the  ball  B  (the  ball  C  being  yet  cold),  you  ma; 
fee  the  vapours  from  the  ball  B  enter  into  the  bat] 
C,  and  there  condenfc  themfelvcs  in  the  form  ot 
&  cloud,  which  is  entirely  compofed  of  thefe  vefi. 
cleis;  but  when  the  water  boils  in  B,  the  torreni 
of  elaftic  vapours  that  enter  C  warms  this  ballj 
and  the  vapour  being  no  longer  condenfed,  ncithei 
cloud  nor  veficlcs  ire  fcen  ;  it  becomes  perfe&I) 
tranfparent,  and  the  jet  proceeds  from  the  neck 
B>  as  from  an  coltpik\  If  you  then  remove  the 
Colipilc  from  the  flame,  and  cool,  by  means  of  cole 
water,  the  bat!  C,  the  velicular  vapours  will  again 
appear:  by  placing  this  ball  on  the  ftage  of  a  mi. 
eroleope,  you  may  obferve  thefe  vapours  with  tin 
grcatefi  convenience* 

You  may  even,  fbmetimes,  be  able  to  obferve 
them  in  a  fog,  or  in  a  cloud  when  on  a  hilt :  to  thai 
end  Mr,  de  SaufTure  ufed  a  lens  of  one  and  a  half  01 
two  inches  focus,  which  he  held  near  his  eye  with 
one  hand  ;  in  the  other  he  held  any  fmooth,  flat,  and 
polifhed  furface  of  a  black  colour,  as  the  bottom  of  a 
tortoifefhcll  box ;  bringing  this  towards  the  lens^ 
tfll  it  was  very  near  the  focal  diftancc  thereof,  he 
then  waited  till  the  agitation  in  the  air  brought 
fome  particles  of  the  cloud  into  the  focus  of  the 
lens ;  when  the  cloud  was  thick,  this  foon  happen- 
ed, and  he  perceived  round  and  white  particles 
patting  with  the  rapidity  of  lightning,  others  mov- 
ing ftawly,  fome  rolling  upon  the  furface  of  the 
tortoifefhcll,  others  ftriking  againft  it  obliquely, 
and  rebounding  like  a  ball  from  a  wall,  others  fix- 
ing thcmfclves  thereto.  Small  drops  of  water  might 
jillp  be  perceived  to  fettle  on  the  tortoifefhcll ;  but 

they 
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fhcy  were  eafily  diftinguifhed   from   the   hollow 

fpherules,  by  their  tranfparfcncy,  their  gravity,  and 

their  pace. 

Further,  clouds  do  not  form  a  rainbow ;  it  is 
produced   by   folid  drops ;   when   a  cloud  is   not 

in  an  aftual  ftate  of  refolution,  it  does  not  change 
the  form  of  the  ftars  that  are  feen  through  it ;  for 
nfinitcly  thin  menifcufles  do  not  fenfibly  change 
the  courfe  of  the  rays  of  light.  But  as  foon  as  the 
cloud  begins  to  refolve  icfelf  in  folid  drops;  even 
without  clouds,  when  folid  drops  begin  to  be 
formed  in  the  air,  the  ftars  feen  through  them  arc 
ill  defined,  furrounded  with  a  diffufe  light,- circles, 
and  halos ;  hence  thefe  meteors  are  the  forerunners 
of  rain,  for  rain  is  nothing  more  than  thefc  drops 
augmented  or  united.  When  the  velicular  vapours 
are  condenfed  by  cold,  the  water  which  formed  the 
bubble  cryftallifes,  fometimes  into  hoar  froft,  fome- 
times  into  fnow ;  when  it  docs  not  freeze,  they 
unit©  in  dew,  or  defcend  in  rain.  Many  other  cu- 
rious properties  concerning  the  velicular  and  con- 
crete vapours  are  related  in  Mr.  de  Sauflure's 
excellent  EfTai  fur  THygromctrie. 

Of  Mineral  Waters. 

A  full  inveftigation  of  the  properties  of  mi- 
neral waters  is  the  fubjeel  of  chemiftry ;  but 
fincc  the  difcovcrics  of  Dr.  Prieftley  it  has  fo  much 
analogy  with  philofophy,  that  I  cannot  pafc  it  over 
entirely  in  filcncc. 

The  name  of  mineral  water  is  in  general  given 
to  any  water  which  is  found  to  be  fo  loaded  with 
foreign  principles  as  to  produce  a  different  effeft 
on  th«  human  body  from  that  which  is  produced 
by  the  waters  commonly  ufed  for  drink.  Our  an- 
ccftors    were    particularly    attentive    to    procure 

wholefomc 
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wholefome  water;  it  was  this  that  determirie4 
where  they  would  unite  together,  and  regulated 
their  choice  of  the  fituationof  houfes.  Hippocrates^ 
the  father  of  medicine,  was  well  acquainted  with 
the  influence  of  water  upon  the  humap  frame,  and 
affirms  that  the  mere  quality  of  the  ufual  drink  is 
capable  of  modifying  and  producing  a  difference 
among  men. 

When  we  confider  that  many  of  the  ancient 
philofophers  fuppofed  that  all  things  were  origi- 
nally derived  from  water,  it  is  evident  they  muft 
'  have  had  an  extenfive  view  of  the  operations  of 
nature.  We  fee  that  it  produces  dew,  clouds,  rain, 
fnow,  and  other  meteors ;  nor  can  we  help  obferv- 
ing  how  every  vegetable,  and  every  animal,  rifes  out 
of  it.  When  we  chemically  examine  the  materials  of 
which  animal  and  vegetable  fubftances  arc  compofed, 
we  find  water  to  be  a  principal  ingredient.  No- 
thing then  remains  but  the  folid  and  inanimate 
parts  of  the  globe;  the  various  earths,  rocks,  ftones, 
and  minerals,  of  which  the  dry  land  and  vaft  mafs 
of  mountains  are  compofed,  even  thefe,  the  more  we 
examine  them  the  more  we  have  reafon  to  think, 
derive  their  origin  from  water. 

In  marble,  chalk,  and  limeftone,  we  find  evi- 
dent traces  of  the  fea ;  we  cannot  rationally  think 
otherwife  of  thefc  ftrata,  than  that  water  has  been 
greatly  concerned  in  their  origin.  And  further,  as 
we  find  thefe  ftrata  irregularly  mixed  with  the 
hardeft  rocks  both  above  and  below,  we  muft  con- 
fider them  as  fpringing  from  the  fame  fource.  On 
examining  the  rocky  ftrata,  you  will  find  marks 
which  plainly  poilit  out  that  they  originate  from 
the  Jea.  Thus  the  ftrata  of  frecftone  which  are 
very  extenfive,  evidently  (hew  from  their  appear- 
ance that  they  were  originally  fea-fand  ;  they  arc 
divided  into  fmali  ftrata,  and  are  diftinguifhed  intc 

horizontal 
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horizontal  layers,  and  have  the  fame  undulated  fur- 
face  as  the  fand  of  the  fea-fhore. 

Flinty  fubftances  feem  to  form*  the  ftrongeft 
obje&ions  to  this  fyftem,  as  they  reiift  the  action  of 
water  as  much  as  any  fubftances  in  nature:  but 
there  are  many  phenomena  in  nature  which  ihcwr 
that  calcareous  earth  is  convertible  by  length  of 
time  into  a  flinty  matter;  and  marine  fhells  arc 
not  unfrcquently  met  with  which  have  lolt  their 
calcareous  nature,  and  are  converted  into  the  hard- 
eft  and  pureft  flint.  In  bitumen  and  coals  we  find 
evident  traces  of  a  vegetable  origin. 

The  analyfis  of  water  is  not  only  ufeful  in 
a  phyfical  point  of  view,  but  alfo  as  an  obje<5t 
of  medicine,  in  order  to  determine  whether  any 
water  is  ufeful,  to  know  thofe  which  pofiefs  medi- 
cinal virtues,  and  apply  them  to  the  ufes  to  which 
they  are   fuitcd;  or   to   appropriate  to  different 
works  and  manufactories  the  waters  beft  calculated 
for  their   refpeftive  purpofes,  to  correct  impure 
waters,  and  laftjy  to  imitate  the  known  mineral  wa- 
ters at  all  places,  and  at  all  times.     Whether  you 
confider  mineral  waters  with  refpedl  to  their  for- 
mation, or  the  benefit  which  accrues  from  them, 
we  have  reafon  to  eftimatc  them  as  precious  gifts  of 
Divine  Providence.     But  it  is  with  thefc  as  with 
many  .other  blcflings,  we  are  too  often  heedlcfs  and 
ungraceful.    "  How  many,  for  whom  the  winders  of 
creation,  providence,  and  redemption,  have  been 
wrought,  that  think  them  not  worthy  their  atten- 
tion !  Angels  admire  and  adore,  where  man  will 
not  deign  to  caft  an  eye,  or  employ  a  thought." 

The  mineral  waters  are  divided  into  different 
heads,  according  to  the  fubftances  .they  contain: 

1.  The  acidulous,  which  contain  an  aeriform 
fluid,  which  gives  thefc  waters  a  brilknefs  like  that 
fif  a  fermenting.     This  brilknefs  is  njojl  apparent 

when 
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when  the  water  is  poured  from  one  veffel  to 
another ;  it  is  fome times  fo  eonfiderable  as  to  hurft 
the  bottle.  They  redden  the  undiire  of  turnfolc, 
and  precipitate  lime-water. 

2.  An  acid  is  fometimes  found  in  the  waters 
of  fprings,  giving  them  a  very  fenfible  acidity;  this 
generally  arifes  from  the  vitriolic  acid:  this  acid 
lists  however,  in  general,  fo  ftrong  a  difpolition  to 
unite  with  the  various  fubftances  through  which 
the  water  of  a  fpring  paGes,  that  it  is  fcldom  found 
in  a  feparate  ftate  in  the  water. 

3.  An  alkaline  fak  is  fometimes  met  with  in 
water;  this  is  in  general  the  foflil  alkali* 

4.  Neutral  falcs.  Of  thefe,  thofe  that  arc  mod 
generally  found  arc  common  fait,  and  fometimes 
nitre, 

5.  Earthy  fubftances.  Of  thefe  the  calcareous 
is  fometimes  found.  There  are  mineral  waters 
which  contain  fo  much  calcareous  earth,  as  to 
become  petrifying  to  other  bodies. 

6.  Earthy  compounds.  Thus  you  may  often 
find  calcareous  and  other  earths  fufpended  in  water 
by  means  of  an  acid.  Thus  gypfum  is  contained 
in  almoft  all  waters,  Epfom  fait  is  found  iiugreat 
quantities,  and  allum  is  fometimes  to  be  met  with. 

7.  Sulphureous  waters.      Thefe  waters  have 
\  been  long  considered  as  holding  fulphur  in  folu- 

tion ;  but  Bergman  has  proved  that  moft  of  thefe 
waters  are  more  impregnated  with  hepatic  gas; 
this  clafs  is  known  by  emitting  the  fmell  of  rotten 
eggs. 

8.  Martial  waters.  Thefe  have  a  very  afixin-> 
gent  tafte,  and  exhibit  a  blue  colour  by  the  folu- 
tion  of  precipitate  of  lime.  The  iron  is  held  in 
folution  either  by  fixed  air,  or  the  vitriolic  acid. 

Sometimes  the  acid  is  in  excefs,  and  the  wa- 
ters have  a  penetrating  fub-acid  tafte,  as  Pyrmont 
and  Spa  water. 

Sometimes 
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Sometimes  the  acid  is  not  in  excefs,  and  the 
waters  are  not  acidulous. 

In  chemical  writers  you  will  find  the  method 
of  analyling  thefe  different  waters.  When  the 
analyfis  is  well  made,  the  fynthefis  is  no  longer  dif- 
ficult. And  the  imitation  of  mineral  waters  is 
now  no  infoluble  problem.  The  proceffes  of  na- 
ture are  inimitable  only  in  thofe  operations  that 
are  vital.  In  this  inftance  we  can  do  more  than 
imitate,  we  can  vary  at  pleafure  the  nature  and 
proportion  of  the  conftituent  parts,  and  give  them, 
as  circumftances  require,  more  or  lefs  enargy. 
In  artificial  waters  the  ingredients  are  known,  while 
the  ingredients  of  waters  in  their  natural  ftatc  are 
always  unknown. 

That  which  Dr.  Johnfon  has  obferved  of  a 
poet  is  equally  applicable  to  a  philofophcr.  To 
him  nothing  can  be  ufclcfs.  Whatever  is  beauti- 
ful, and  whatever  is  dreadful,  fhould  be  familiar  to 
his  mind ;  he  (hould  be  converfant  with  all  that  is 
awfully  vaft,  or  elegantly  little.  The  plants  of  the 
garden,  the  animals  of  the  wood,  the  minerals  of 
the  earth,  and  the  meteors  of  the  fky,  fhould  all 
concur  to  enrich  his  mind.  By  him  no  kind  of 
knowledge  fhould  be  overlooked,  he  {hould  range 
mountains  and  deferts,  explore  every  tree  of  the 
foreft  and  flower  of  the  valley,  the  crags  of  the 
rock,  the  mazes  of  the  ftxeam,  and  the  great  wide 
fea,  with  it's  unnumbered  inhabitants;  he  will  find 
them  all 

— fpeak  their  Maker  as  they  can, 
But  want  and  afk  the  tongue  of  man  : 

calling  upon  him  to  praife  his  redeeming  God, 
who  in  the  intellectual,  as  in  the  material  world,  is 
Lord  and  King  ;  who  is  obeyed  by  the  angels  in 
heaven,  ferved  by  the  church  upon  earth,  and  feared 
by  the  fpirits  imprifoned  in  deep  places  beneath. 
1  Look 


:: 
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Look  at  every  thing  in  nature;  look  at  all  th< 
variety  of  creatures  therein;  confider  it  in  ail  \Vi 
height  and  depth.,  in  all  it's  variety  of  operations 
and  you  will  find  it  is  only  for  this  end,  that  i 
may  in  it's  infinite  variety  of  degrees  and  capaci- 
ties  manifeft  the  hidden  riches,  the  invisible  pow- 
ers, and  glories  of  the  fpiritual  world  ;  and  be  as  fi 
many  founds  and  voices,  preachers  and  trumpets 
giving  glory,  praifc,  and  thankfgiving  to  the  G 
of  Love. 

The  p relent  Lecture  has  afforded  you  fre 
inftances  of  the  wonders  and  variety,  the  harmonj 
and  mag ni  licence  difcovcrablc  in  the  works  of  God 
There  is  not,  for  inftancc,  in  nature  a  more  augul 
and  ftriking  object  than  the  ocean.  It's  inhabi- 
tants arc  n%  numerous  as  rhofc  on  land  ;  nor  is  th< 
wifdom  and  the  power  of  the  Creator  lefs  difplayci 
in  their  formation  and  prefcrvation,  from  th< 
fmallcft  fifh  that  fwiim  to  the  leviathan  himfelf 
Nor  is  there  any  image  which  gives  us  a  grandc: 
idea  of  the  power  and  greatnefs  of  God,  \\\u 
hath  this  raging  element  fo  much  under  his  com- 
mand :  hence  he  is  reprefented  in  holy  writ  a: 
holding  it  in  the  hollozv  tf  his  hand. 

There  the  creatures  of  God  multiply  in  t 
much  greater  proportion  than  by  land,  and  an 
maintained  without  the  coft  or  attendance  of  man, 
they  are  a  Angular  flock,  which  have  no  (hephcrd 
but  the  Creator  himfelf,  who  condudts  them  at 
different  feafons  in  innumerable  fnoals  to  fupplj 
the  worfd  with  nourifhment. 

By  means  of  navigation  Providence  hath 
opened  a  communication  between  the  mod  diftanl 
parts  of  the  globe ;  the  largeft  folid  bodies  arc 
wafted  with  incredible  fwiftnefs  upon  one  fluid  by 
the  impul/e  of  another,  and  fcas  join  the  countries 
which  they  appear  to  divide. 

3  The 


Nature  and  Properties  of  Water.      <jj 

The  waters  of  the  fea  are  not  only  prevented 
from  deftroying  the  earth,  but   by  a  wonderful 
machinery  are  rendered  the  means  of  prcferving 
cycry  living  thing  which  moveth  thereon.     Partly 
afcending  from  the  great  deep  through  the  ftrata 
of  the  earth,  partly  exhaled  in  vapour  from  the 
furface  of  the  ocean  into  the  air,  and  from  thence 
falling  in  rain,  efpecially  on  the  tops  and  fides  of 
mountains,  where  they  break  forth  in  frefh  water 
fprings,  having  left  their  falts  behind  them ;  they 
trickle  through  the  valleys,  receiving  new  fupplies 
as  they  go;  they  become  large  rivers,  and  after 
watering  by  their  innumerable  turnings  and  wind- 
ings immenfc  tradts  of  country,  they  return  to  the 
place  from  whence  they  came.  The  fertility  of  the 
earth  is  owing  to  God,  "  ivbowateretb  the  bills  from 
bis  chambers"  Hence  all  the  glory  and  beauty  of  the 
vegetable  world ;  hence  the  grafs  that  nourilheth 
the  cattle,  that  they  may  nourifh  the  human  race; 
hence  the  green   herb  for  food  and   medicine; 
hence  fields  covered  with  corn  for  the  fupport  of 
life ;  hence  vine  and  olive  trees  laden  with  fruits, 
whofe  juices  exhilarate  the  heart,  and  brighten  the 
countenance. 

They  who  in  old  times  paid  their  devotions 
to  the  elements,  imagined  thofe  elements  to  be 
capable  of  giving  or  withholding  rain  at  pleafure. 
Therefore,  we  find,  the  prophet  Jeremiah  reclaim- 
ing that  power  to  Jehovah,  as  the  God  who  made 
and  governed  the  world.  cc  Are  there  any  among 
the  vanities  of  the  gentiles  that  can  caufe  rain  ?  Or 
can  the  heavens  give  fhowers  ?  Art  not  thou  he, 
0  Jihovah,  our  God  ?  Therefore  we  will  wail 
upon  thee :  for  thou  haft  made  all  thefc  things/9 
Among  the  Greeks  and  Romans,  we  meet  with  a 
Jupiter  poflefled  of  the  thunder  and  the  lightning, 
and  an  &olus  ruling  over  the  winds ;  but  divine 

revelation 
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revelation  teaches  us  to  rcftorc  the  ccltftial  artil- 
lery to  it's  rightful  owner*     Jehovah,  the  Got 
Ifrcelj  the  Creator  of  the  imiverfe,  the  Redeemer 
of  mankind,  contrived  th?  wonderful    machinery 
of  light  and  air,  by  which  vapours  arenufed  fi 
the   earth,   compacted   into   clouds,  and  diftillcd 
into    rain.     At  his  command  the  winds  are  Aid- 
denly  in  motion,  and  fuddenly  at  reft  again.     We 
hear  the  found,  but  cannot  tell  whence  they  eomc, 
or  \\ hither  they  go.* 

Be  particularly  careful  then  that  you  never 
term  any  cftcCfc  natural^  with  the  intention  10 
deny  thereby  that  it  is  divine,  or  to  exclude  Gon 
entirely  out  of  it  1  for  the  Great  Architect 
ncceflarily  prefides  over  and  directs  every  wheel  of 
his  machine.  It  is  he  that  clothes  the  grafs  of 
the  field,  and  fendeth  the  fpring  into  the  riven. 
It  is  he  that  gives  corn,  and  wine,  and  oil.  It  is  he 
alio  that  fends  famine,  fword,  and  peftilenee.  One 
time  an  epidemic diftemper raged;  2  Sam.  xxiv.17; 
and  that  we  might  not  hereafter  on  fuch  occafions 
took  alone  to  the  noxious  qualities  in  the  air,  &c.  the 
vet  I  was  for  once  drawn  afidc,  and  prefented  to 
open  view  the  deftroying  angel  of  the  Moft  High. 

Nor  let  the  pert  reafoner  flatter  himfelf  that 
this  is  a  fyftem  only  for  thofe  who  believe  the 
bible.  It  is  impoflible  to  conceive  any  religion 
at  all,  even  exclufive  of  revelation;  that  is,  in  other 
words,  to  conceive  any  truft,  resignation  %  repent- 
ant* %  or  gratitude,  towards  the  Deity,  adapted  to 
the  fucceffive  fcenes  of  human  life,  upon  any  other 
foundation.  No  independence  can  be  afcribed  to 
^thc  creature ;  even  the  fun,  the  moft  glorious  in- 
-  liniment  of  created  power,  viiible  in  the  univerfe, 
from  his  firft  glorious  appearance  to  this  good 
day,  never  ihed  one  ray  of  light  by  any  intrinfic 
power,  or  inherent  virtue  of  his  own. 

The 

*  Or.  Home,  bi&ouUIorwkh,  on  the  Pfalms, 
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The  Jource  of  life,  beauty ,  zn&perfeftioit,  is  too 
often  unperceived  by  the  mercnaturalift.     But  he, 
Ttfhofe  eye  is  opened  and  illuminated  by  truth,  fees, 
contemplates,  and  adores  the  author  and  univer- 
sal principle  of  life;  and  finds  him  perpetually 
manifefting  himself  in  every  objedt  of  nature,  ac- 
cording to  it's  capacity  or  aptitude  to  receive  his 
enlivening  beams.  Separated  from  bis  life-giving 
energy,  the  whole  creation  of  beings,  material  as 
veil  as  intellectual,  muft  remain  in  a  ftate  of  death. 
Nought  but  his  animating  breath  can  call  them 
forth  into    life,   and  array  them    with  robes  of 
beauty. 


Vol.  II.  H  LECTURE 
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LECTURE  XIV. 

"7-   . 

On  the  Method  of  Reasoning  m  Natujui 
Philosophy. 

IN  the  propofals  for  thefe  Le&ures,  I  effaced  tp, 
point  out  to  you  the  tine  method  of  rrafartiWg*' 
in  philofophy,  that  you  might  be  enabled  t6diftiit< 
guifh  what  is  found  and  (olid  therein,  from  whit; 
is  hollow  and  vain.     This  cannot,  I  think,  hc\ 
done  more  effeSually  than  by  introducing  you  Mm 
the  writings  of  Lord  Bacon,  whofe  plan  for  the 
improvement  of  knowledge  comprehends  the  whole 
compafs  of  nature.     He  may  be  considered  as  the 
great  reftorcr  of  true  learning,  and  the  founder  of 
experimental  pbilofopby  ;  having  done  more  towards 
detecting  the  fources  of  former  errors  and  preju- 
dices, and  towards  cftablifhing  a  true  method  of 
philofophMing,  than  was  effedted  by  all  the  philo- 
sophers of  the  preceding  ages. 

He  has  given  us  an  organum  of  a  different 
origin  and  conftrudion  from  that  of  AriJlotle\  one 
which,  inftead  of  puzzling  all  learning  with  artifi- 
cial forms,  and  perplexing  all  knowledge  with  dif** 
puution,  puts  truth  and  nature  to  the  torture  by  a 
thoufand  trials,  and  forces  them  to  confefs  thofe 
U\  vet*,  which  in  fpite  offyllogifm  hatf  hitherto  lain 
\  \Mwealed,  and  by  the  difcovery  of  which  arts  and 
K  u  i>v  cs  have  been  advanced,  to  the  great  honour 
oA  \\tn\ing  and  advantage  of  focicty. 

Two  circumftances  add  greatly  to  the  merit 
o*  I  otu*  Bacon.  The  firft  is,  that  at  the  time  his 
hoin  was  written,  the  world  had  fcen  no  model  of 
luiuctivc  reafoning,  from  which  it's  rules  might  be 
..wii.vcd  with  amplitude  and  precifion.  Poets  and 
.  ■•..*»*  had  brought  their  arts  to  perfection,  ere 

they 
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they  were  defcribed  by  Arifiotle ;  his  rules  were 
drawn  from  the  moft  perfect  models  of  thofc  arts 
tlut  have  yet  appeared  \  but  the  art  of  interpreting 
nature  Mas  yet   m   embryo,  when  Baion  with  un- 
common energy  ct  mind  delineated  it's  manly  fea- 
tures and  proportions.     The  fecond  circumflance 
vhich  docs  our  noble  author  peculiar  honour,  is, 
that  he  was  free  from  every  view  of  founding  a 
fed:  in  philofophy,  or  aiming  to  procure  follow- 
ers: he  was  animated  with  better  profperts,  and 
more  diftinterefted  views.    He  deiired  only  to  lead 
mankind  as  it  were   by  the  hand,  and  to  inftrudt 
them  fo  to  follow  nature,  as  to  be  under  no  ncceffity 
of  following  any  philofopher  whatfoevcr. 

The  picture  of  a  true  philofopher  cannot  be 
better  drawn  than  by  Bacon's  own  pencil,  and  in 
his  own  example.     You  find  in  him  a  love  of  fci- 
ence,  it's  intereft  and  advancement,  yet  without 
affWting  the  pomp  of  learning ;  he  is  a  free,  im- 
partial, and  honeft  cenfor  of  pad  times,  yet  with- 
out haughtihefs  or  pride;  his  judgment  is  correct 
andfolid;his  wit,  though  lively  and  fublime,  never 
gives  into  a  wild  and  profane  licence,  or  rude  in- 
*ult  upon  facred  things.      His   imagination  wras 
fruitful  and  cxtenfive,  ranging  at  large  through  all 
the  times  and  regions  cf  the  univcrfe,  fuggefting 
new  thoughts  and  ideas,  and  fupplying  him  with 
images  to  exprefs  and  embody  thofe  ideas.  In  him, 
with  the  utmoft  logical  precilion,  you  have  the  fub- 
limcft  eloquence;  and  you  find  him  in  his  cf  ad- 
vancement of  learning,"   triumphing  over  the 
barbarifm  of  the  preceding   ages,   and  over  the 
pedantry  of  that  in  which  he  lived.     His  know- 
ledge was  fo  comprehensive  and  univerfal,  that  he 
fcems  to  have  been  the  profeflbr  of  every  fciencc, 
not  only  acquainted  and  familiar  with  all  ages* 
but  admitted  as  a  miniftcr  into  the  infpe&ion  and 
myfteries  of  all  nature.     Amidft  this  mafs  of  ac- 
H  2  qufred 
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quired  wealth,  the  ftrcngth  and  fplendor  of  his 
ownftock,fhining  forth  unimpaired  and  unrivalled, 
lending  a  luftrc  to  the  authority  he  produces,  his 
depth,  his  ftrcngth,  his  dignity,  and  majefty,  fcf 
him  up  above  every  lettered  name. 

With  a  capacity  of  more  than  ordinary  fixe, 
a  giant  in  the  intelledual  world,  he  breaks  through 
the  chains  with  which  authority  or  tradition  had 
fettered    the   human   mind,    fubdues   the    erroii 
formed  and  foftered  by  fuperftition  and  ignorance* 
pafles  the  columns  fixed  as  the  boundaries  of  hu- 
man knowledge,  and  opens  new  tra&s  of  light  and1 
regions  of  truth,  that  were  before  thought  incapable  ] 
of  culture  or  profit ;  intent  as  it  were  upon  nothing; 
but  truth,  or  in  his  own  noble  language,  fr  van- 
quifhed  with  the  immortal  love  of  truth/'    While 
he  detedts  and  profcribes  vulgar  errors,  he  commit* 
no  outrage  upon  the  ancient  occupiers,  nor  offer* 
any  grofs  infult  upon  the  common  fentiments  of 
mankind.     Nor  have  we,  fays  he,  fet  off  ourfelves 
with  glory  to  draw  a  majefty  upon  our  inventions, 
either  by  triumphs  of  confutation,  or  depofitio^i 
of  antiquity,  an  ufurpation  of  authority,  or  the  veil 
of  obfeurity.     Thus  with  a  fuperiority  without  the 
pride  of  genius,  we  need  not  wonder,  that,  humble 
as  the  humbleft  child  of  faith,  he  difavows  what- 
ever does  impair  or  intrench  upon  facred  truth,  and 
addreffes  the  Lord  for  afliftance  and  illumination 
in  his  arduous  undertaking.* 

The  end  of  natural  philofophy  is  to  incre&fc 
either  the  knowledge  or  power  of  man,  and  en- 
able him  to  undcrftand  the  ways  and  procedure  61 
nature.  By  difcovering  the  laws  of  nature,  he  ac- 
quires knowledge^  and  obtains  power;  for  wher 

the* 

*  Hunter's  Sketch  of  Lord  Bolin^broke, 
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thcfe  laws  are  difcovercd,  he  can  life  them  as 
rales  of  practice,  to  equal,  fubduc,  or  even  excel 
nature  by  art.  Upon  the  difcovcry  of  thcfe  laws, 
depends  the  perfection  of  philofophy,  and  the  en- 
largement of  human  knowledge  and  power. 

For  this  great  end  Lord  Bacon  exhibits  a  more 
perfect  method  of  employing  the  rational  faculty 
than  mankind  had  been  accuftomed  to ;  and  (hews 
them  in  what  manner  they  may  exalt  and  improve 
the  underloading,  conquer  the  difficulties,  and  re- 
move the  obfeurities  of  nature.  The  firft  part  of 
Ub  Novum  Orcancm,  which  may  be  called  agram- 
nar  cf  the  language  of  nature^  is  defigncd  to  pre- 
pare and  purify  the  mind,  that  it  may  be  fit  to 
receive  the  inftrudtions,  and  ufe  the  inftxuments 
laid  down  in  the  fecond  part. 

The  human  mind,  like  a  mirror,  muft  be 
finoothed  and  polifhed,  freed  from  falfe  imagina- 
tions and  perverted  notions,  before  it  is  fit  to  re- 
ceive and  rcfledt  the  light  of  truth,  and  juft  infor- 
mation. You  may  therefore,  with  the  Pythagore- 
ans, lay  it  down  as  a  maxim,  that  human  advance- 
ments fhould  be  preceded  by,  or  accompanied 
with,  a  fuitable  degree  of  purification  ;  for  as  the 
difeafed  eye  endures  not,  till  it  be  rcftored  to  health, 
Ac  view  of  bright  objedts,  fo  neither  can  the  mind, 
Without  due  purification,  fteadily  contemplate  the 
beauty  and  fplendor  of  truth. 

We  muft  therefore,  in  the  purfuit  of  truth, 
dived  ourfclves  of  all  the  idols  or  falfe  notions 
that  pofTefs  the  mind.  To  every  bias  of  the  under- 
Handing,  by  which  a  man  may  be  mifled  in  judg- 
ing,, or  be  drawn  into  error,  Lord  Bacon  gives  the 
nartie  of  idol;  a  word  that  juftly  characterises  falfe 
fcience;  for  erroneous  knowledge  is  a  fpecies  of 
idolatry,  a  worfliippaid  to  falfe  gods,  which  i$  only 
due  to  the  true  one. 

H  3  All 
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All  faifehocd  :>  orpo-;:e  to  truth.  Error  is 
that  falfeh>:oJJ  which  availing  itfelf  cither  of  the 
veiknefs  of  the  .v^vrr.:  -*:».;;,  the  depravity  of  the 
?/.///,  or  the  undue  :nf.'*:erice  of  the  imagination, 
aili.mes  the  >:r?:'.;r.:\:f  of  truth.  Truth  is  the 
health,  error  the  d:,."o.v.:r  ci  the  mind.  By  puri- 
fying the  m-p.d  ir'n.  error,  %ou  will  become  a  fit 
reaptak  I  r  .::;.;;-  .'-;*:•>;  by  purifying  your 
hearts,  \ou  \\M  be  cor.  o:r.ud  ro  divine  goodne[s> 
and  will  cnio'.  the  happincfs  refulting  from  fo  ex- 
alted a  conjunction. 

The  u:L:  of  the  mind  are  either  acquired  or 
natural,  proceeding  from  the  doctrines  and  opi- 
nions of  n^n,  i:.r  perverted  and  corrupt  laws  and 
mi ;!maL  of  dtr.iv  rJtrarion,  or  elfe  are  inherent  in 
I  In-    very   confTiti:t'.on  of  the   mind  itfelf.   ,  Your 
lit II    labour    fliOuld   therefore  be   to    liberate   the 
imiui  from  talk  theories  ;  the  next  lhould  be  to  re- 
\\\\W   it  f:orn   :he  fiavery  of  perverted  demonftra- 
tit ■•»•*;  and  the  laft  to  put  a  check  upon  it's  own 
I.  !:..  iiVi-  powers,  and  t'.'her  p!».:ck  out  the  inherent 
iil.-l .,  t.v  i<i*r)  v.a:;h  over  :!.«.m  that  the  depravities 
:!w  \  «•.  » .jiio;:  may  be  corrected       It  is  a  long  time 
t-  '  ■!.-  m:  can  be  brought  to  fee  any  thing  amifs  in 
i!i.    n.ty  v. c  havL  been  ufed  to;  and  even  when  we 
.«.-.   H  i.  not  cafy  to  change  what  is  wrong.   Where 
..  ..    r.  a  chain  of  prtj/.i'S-c  cr  wrong  bias  on  the 
■  ■i  unlink,  it  will  neiihcr  perceive  clearly,  nor 
i.   hi  ml,,  fo  ihc  tn.:h  ;  it  will  confound  tilings 
lit  j .  nt,  and  obkure  things  that  arc  clear. 
m'    i.imI!!   'lit,  but  the  reward  is  great. 

t.    .iwiiiore  irv  umbcjir  on    every  philofo- 

•    •'!'  r. .i».'-  a  <.iiI'p<;!inon  of  mind,  which  will 

»■   i'|'i-n   'O  «  onMciion,  and  ready  to  ac- 

.u.il  i.  ail,  miiiakes.    An  obftinate  ad- 

■  i    i ■  \\k  iu  raily  a  riles  from  fell-conceit, 

■i.'i   i<!iui:t  loa  iyflem.  True  wifdom 

■.i^  :.i..d  v.iiii  d:;i:dencc  and  humility. 
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Lord  Bacon  divides  the  unfavourable  prepof- 
feflions  of  the  mind  into  four  claffes ;  the  idols 

OF  THE  TRIBE,  IDOLS  OF  THE  DEN,  IDOLS  OF  THE 
MARKET,  IDOLS  OK  THE  THEATRE.* 

The  idols  of  the  'tribe  are  thofe  which  arc 
common  to  all  men,  liich  as  befct  the  whole  fpe- 
cies;  they  arife  from  the  principles  of  the  human 
conftitution,  and  may  have  their  ufes  in  the  pre- 
.  fent  (late  of  human  nature  ;  but  by  excefs,  or  defedt, 
or  wrong  direction,  lead  us  into  much  error.  The 
human  undcrftanding  refembles  a  mirror  of  an  ir- 
regular furfafce,  which  mixing  it's  o;vn  nature  with 
the  nature  of  thing*,  diftorts  and  perverts  them. 
Philofophers  fnould  always  endeavour  to  conceive 
things  as  forming  part  of  the  univerfc,  and  as  hav- 
ing their  appropriate  office  and  ufe  therein;  whereas 
they  are  too  apt  to  confider  them  only  as  they  have 
fome  particular  relation  to  the  fenfes%  a  way  by 
which  you  will  never  difcovcr  their  fyftcmatical  or 
cofmical  ufe  and  qualities. 

The  idols  common  to  human  nature  arc  fo 
numerous,  that  a  few  only  of  them  can  be  confidered 
in  this  place:  of  thefc  the  firft  is  authority  %\ 
by  which  men  are  prone  to  be  led  too  much  in  their 
opinions. 

It  affixes,  as  it  were,  the  fcal  of  infallibility 
on  thefe  opinions,  it  bars  the  door  of  faience,  and 
in  a  meafure  deitrovs  the  hopes  of  poikrity.  We 
ought  ever  to  prefs  forward,  nor  ever  conceive 
that  the  labours  of  one  man  can  have  fet  limit?  to 
human  knowledge;  or  hearken  to  thcie,  v,  \o,  hav- 
ing credted  an  idolatrous  temple  to  his  fame,  \vould 
have  us  (lop  and  worlhip,  nor  prefumc  to  pafs  the 
boundaries  they  have  marked  for  human  reafon.J 

H  4  There 

•  Idola  Iribus,  idola  fpecus,  idola  fori,  idola  theatri. 
+  Rcid  on  ihc  Intelle&ual  Powers  of  the  Mind,  u.  653, 
%  Young's  Eflay  on  the  Powers  and  Mcc;ianifin  ot  Nature, 
preface. 
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There  never  was  more  ncctiltty  than  at  prcfcnt  i 
point  out  the  dangers  anting  from  the  influence  i 
authority,  as  pou  will  find  fomc  philofopher* 
quiring  an  implicit  fiuth  in  the  opinions  d 
adopted;  notconfidering  thdt\*hilc  our  k 
remains  imperfect,  our  opinions  mult  be  mingle 
with  error.     It  is  from  this  implicit  iruft  upti 
credit  and  blind  errors  of  others,  that  fpring 
thofe  vulgar  errors  cherilhcd  from  age  to  age 
the  blindnefs  of  prejudice  and  inveteracy  of  m 
In  all  matters  within  our  cognUkncc,  eve 
man  mull  be  determined  by  his  own  final  judfl 
ment,  otherwise  he  does  not  act  the  part  of  a 
tional  being.    Authority  may  add  weight  to  oni 
fcale,but  man  holds  the  baliancc  and  judges  what 
weight  he  ought  to  allow  to  authority.  We  clain: 
deprive  us  of  this  right,  or  excufe  us  for  neglecting 
to  exercife  it.     Author:  tyM  however,  has  it's  ufc; 
in  the  firft  part  of  li        c  have  no  other  guide, 
and  without  a  difpofuion  to  receive   implicitly 
what  wc  arc  taught,  we  fliould  be  incapable  of  in- 
struction, and  incapable  of  improvement.     Even 
when  judgment  is  ripe,  there  are  many  things  in 
which  we  are  incompetent  judges.  In  fuch  matters 
it  is  mod  reafonable  to  rely  upon  the  authority  o{ 
thofe,  whom  we  believe  to  be  competent  and  difin- 
tcrcfted.    In  matters  that  we  have  accefs  to  knoWj 
authority  always  will  have,  and  ought  to  have,  more 
or  lefs  weight  in  proportion  totheevidencc  on  which 

OUl 

*  The  following  paragraphs  are  fpecimens  among  many  of  th' 
undue  influence  given  to  names. 

"  Sir  Il'aac  Newton  is  the  perfon  to  whom  wc  owe  thefe  ob 
ligations,  and  who  is  henceforth  to  he  con fidered  as  our  onfyfw 
guide  and  inflruclor."  Again,  ««  Newton  has  difcovcrcd  th 
chaos,  and  ieparated  the  light  from  the  darknefs ;  his  inimitabl 
work  the  Mathematical  Principles  of  Natural  Philofophy,  cor 
tains  'the  irv  ajlrunomiral  faith  ;  and  thofe  who  rejetl  it's  doQrine 
are  the  worft  of  heretics,  as  they  (hut  their  eyes  againft'thc  clcare 
Of  all  lijght,  demon  ftraiion," 
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judgment  refts,and  the  opinion  we  have  of  the 
;ment  and  candour  of  thofe  who  differ  from 
gree  with  us.  Our  refpedt  for  authority  may 
efore  be  too  great,  or  too  fmall.  The  modeft 
i,  confeious  of  his  own  fallibility  in  judging,  is 
anger  of  yielding  too  much  to  authority;  the 
gant,  of  giving  too  little. 

2dly.  The  mind  is  apt  to  form  imaginary 
tions,  and  to  fuppefe  a  greater  regularity  and 
brmity  among  things  than  what  really  exifts. 

natural  impatience  is  continually  leading  us 
cfer  ail  events  to  certain  general  laws,  and  pre- 
:st>ur  following  the  How,  but  fure  method  of 
ligation.  And  though  many  things  in  nature 
in  fome  meafure  Angular,  or  extremely  diffimi- 

the  mind  is  feigning  parallels,  correfponden- 
,  and  imaginary  analogies,  which  have  no  exift- 
r.  Arguments  from  analogy  readily  prefent 
nfelves  to  a  warm  imagination,   while  thofe 

are  deduced  from  experiment  and  obfervation 
lire  ftrong  exertions  of  the  mind,  and  cannot 
brmed  without  attention  and  application. 

In  the  fame  manner  we  are  apt  to  conceive  a 
.ter  fimplicity  in  nature,  than  there  really  is. 
ove  (implicity,  and  to  be  plcafed  with  it  where - 

we  find  it,  is  no  imperfection,  but  the  con- 
y.  There  is  without  doubt  in  every  part  of 
tion  all  the  beautiful  fimplicity  which  is  con- 
nt  with  the  end  for  which  it  was  made.  The 
e  we  know,  the  more  wc  difcover  the  unifor- 
1  and  fimplicity  in  nature,  when  compared 
1  the  vaft  extent  and  variety  of  operations 
ein.  But  if  we  hope  to  difcover  how  nature 
gs  about  it's  ends  merely  from  this  principle, 

it  operates  in  the  fimpleft  and  beft  way,   we 

:ive  ourfelves,  and  forget  that  the  wifdom  opc- 

ig  in  nature  is  more  above  the  wifdom  of  man, 

1  man's  wifdom  is  above  that  of  a  child.     It  is  . 

5  indeed 
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indeed  a  maxim  in  phtlofophy,  wc  niuft  not  impure 
to  many  caules  what  can  he  effected  l>y  one;  this 
principle  is  no  doubt  right,  but  how  are  wc  rn 
judge  what  is  Ample,  or  what  is  economical  in 
nature?  only  by  endeavouring  to  difcovtr  every 
thing  that  is  ncceffary  to  the  production  of  this 
eficci,  and  niuft  ufe  in  our  explanation  every  cauft 
thus  difcovercd,  whether  they  be  many  or  few. 

It  was  believed  for  many  ages,  that  all  the  va- 
riety of  concrete  hodics  we  find  on  this  globe  is 
reducible  to  lour  elements,  nf  which  they  are  com- 
pounded, and  into  which  they  may  be  refolvcd,  It 
was  the  flmplicity  of  this  theory,  not  any  evidence 
from  &£k9  that  made  it  fo  generally  received;  for 
the  more  it  is  examined,  we  find  lefs ground  to  be- 
lieve it. 

When  a  real  caufe  is  difcovercd,  the  fame 
love  of  fimplicity  leads  men  to  attribute  to  it  ef- 
fects whLh  art  beyond  it's  province.  A  medicine 
that  is  found  to  sc  of  great  ufc  in  one  di  {temper, 
commonly  has  it's  virtues  multiplied  till  it  be 
comes  a  panacea.  In  other  branches  of  know- 
ledge the  fame  thing  oltt;n  happens.  When  our 
attention  is  turned  to  any  particular  caufe  capable 
of  producing 'remarkable  effects,  there  is  great 
danger  of  extending  it's  influence,  upon  flight  evi- 
dence, to  things  with  which  it  has  no  connedtiop. 

We  are  in  the  dafk  with  regard  to  the  real 
caufes  of  the  greater  part  of  the  phenomena  of  na- 
ture, and  have,  at  the  fame  time,  an  avidity  to 
knowv  them ;  hence  ingenious  men  frame  con- 
jectures, which  thofe  of  weaker  undcrftandings 
take  for  truth.  The  fare  is  coarfe,  but  appetite 
makes  it  go  down. 

3<Jly.  The  mind,  when  it  is  oncepleafed  with 
certain  things,  has  a  natural  tendency  to  draw  all 
others  to  confent  and  go  along  with  them;  and 
though   the  number  of  inftances  that  make  for 

the 
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the  contrary  is  greater,  yet  it  either  does  not 
attend  to,  or  defpifes  them,  often  reje&ing  them 
by  fome  frivolous  diftinction,  pointed  out  by  a 
ftrong  and  pernicious  prejudice,  in  order  to  main- 
tain the  authority  of  it's  firft  choice  unviolated. 
Diagoras,  on  being  Uicwcd  in  the  temple  of  Nep- 
tune many  votive  picture*,  of  fuch  as  had  efcaped 
fliipwreck,  was  aiked  by  his  guide  whether  he  did 
not  acknowledge  the  divine  power?  wifely  an- 
fwered,  Shew  me,  firjl,  where  thofe  are  painted  that 
were  Jhipivrecked  after  having  thus  paid  their 
vows  f  Hence  alio  in  mod  cafes  of  fuperftition,  as 
of  aftrology,  dreams,  judgments,  &c.  thofe  who 
find  pleafure  in  fuch  kind  of  vanities,  always  ob- 
ferve  where  the  event  anfwers,  but  flight  andpafs 
by  the  more  frequent  inrtances  where  it  fails.  The 
imagination  is  fo  captivated,  that  the  powers  of 
reafon  are  incapable  of  freeing  it  from  the  enchant- 
ment. This  mifchicf  dilTufcs  itfelf  Hill  more  fub- 
tilly  in  philofophy  and  the  fciences,  where  that 
which  has  once  plcafed  infects  and  fubdues  all 
other  thjngs,  though  much  more  fubftantial  and 
valuable  than  itfelf.  The  mind  is  always  alfo 
more  moved  and  excited  by  affirmatives  than  by 
negatives,  whereas  it  fhould  duly  and  equally 
yield  to  both.  In  raifing  of  true  axioms,  negative 
inftances  have  the  greateil  force.* 

4thly.  The  human  intellect  is  mod  moved  and 
captivated  by  thofe  things  that  ltrike  and  enter  it 
at  once,  filling  and  fvvelling  the  imagination;  but 
for  the  reft,  it  feigns  and  fuppofes  them  in  an  im- 
perceptible manner  to  be  like  thofe  lew  that  pof- 
feft  the  mind.  We  have  a  general  difpolition  to 
meafufe  things  lefs  known  and  familiar  by  thofe 
that  are  better  known  and  more  familiar:  where- 
as  the  junderitanding  is  ilow,  and  unwilling  to  pafs 

to 

See  this  fully  (hewn  !n  Nqv.  Org.  part  ii.  feft.  ii. 
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to  remote  and  diflimifjr  infianees,  whereby  axioms 
are  tried  as  it  were  by  the  fire. 

This  natural  pronenefs  to  judge  of  things  lefs 
known  by  thofe  that  are  familiar  and  better  known, 
mud  not,  however,  be  altogether  laid  afide,  as  it 
is  the  foundation  of  all  analogical  reafoning,  to 
which  wc  are  indebted  for  a  great  part  of  our 
knowledge.  It  is  difficult,  however,  to  judge  how 
for  wc  may  venture  upon  it.  The  objects  of  fenfe 
cngrofs  our  thoughts  in  the  firft  part  of  life,  and 
are  mod  familiar  through  the  whole  of  it.  Hence 
in  all  ages  men  have  been  prone  to  give  human 
paffions,  frailties,  &c.  to  fuperior  intelligences. 
Hence  the  difpoiition  in  ir.cn  to  materialize  every 
thing,  and  to  apply  their  notions  of  material  ob- 
jects to  things  of  another  nature.  Hence  the 
many  crude  and  ill-digcftcd  theories  on  our  ideas.* 
The  miftakes  in  common  life,  which  are  owing 
to  this  propcnlity,  arc  innumerable.  Hence  the 
felfifli  man  thinks  all  pretences  to  benevolence  and 
public  fpirit  to  be  mere  hypocrify,  and  fclf- deceit: 
while  the  generous  and  open-hearted  cafily  be- 
lieve fair  pretences,  and  coniider  men  as  better 
than  they  really  are. 

5thly.  Another  idol  of  this  tribe  has  it's  ori- 
gin in  the  natural  relllcfsnefs  of  the  human  under- 
iianding,  always  moving,  but  far  too  often  to  no 
purpofe,  as  when  it  \:>  in  learch  of  things  beyond 
it's  reach.     There  ir>  not  a  ineater  fource  of  error 

o 

than  in  the  miiapplicaticri  of  our  noblclt  intel- 
lectual power  to  pi;r?oles  for  which  it  is  incom- 
petent. 

rl  he  works  of  men,  and  the  works  of  God,  are 
not  of  the  fame  order.  The  force  of  genius  may 
enable  a  man  perfectly  to  comprehend  the  former. 
What  is  contrived  and  executed  by  one  man,  may 
be    perfectly    undcrltood    by    another.     He    may 

from 
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t  conje&ure  the  whole,  or  from  effedh 
nay  conjecture  the  caufes,  becaufc  they  are  the 
rfredts  of  a  wifdom  not  fuperior  to  his  own." 

But  the  works  of  creation  are  contrived  anc 
executed  by  a  power  and  wifdom  infinitely  fupe- 
rior to  that  of  man*  And  when  men  attempt,  b) 
the  force  of  genius,  to  di  the  caufes  oft 

phenomena  in  nature,  they  have  only  a  chance  of 
going  wrong  more  ingenioufly.  Their  conje&ures 
may  appear   very    probable    to   beings   no    wif 

1  thcmfelves  ;  but  they  have  no  chance  to  hit 
the  truth.  They  are  like  the  conje<ftures  of  a  child, 
how  a  fhip  of  war  is  built,  and  how  it  is  manage 
at  fea.  It  gratifies  the  pride  and  natural  propen- 
tity  of  the  human  underftanding  ;  but  it  is  an  at- 
tempt beyond  our  force,  like  that  of  Phaeton,  to 
guide  the  chariot  of  the  fun. 

Full  liberty  muft  be  allowed  to  our  inquiry, 
that  natural  philofophy  may  acquire  all  the  cer- 
tainty and  perfection  of  which  it  is  capable  ;  but 
we  muft  not  abufe  this  liberty  by  /up prjing,  inftcad 
of  inquiring,  by  framing  fyftems,  inftcad  of  de- 
ducing the  conftitution  of  things  from  obfervation 
1  experience.  An  attachment  to  fyftems  pre- 
vents us  from  attending  to  the  real  (rate  of  things, 
t  them,  or  interweave  therewith 
our  own  conceits. 

Items  and  hypothefes  in  general,  framed  bf 
philosophers  out  of  their  own  ideas,  and  feparated 
by  the  mind  from  the  truth  of  things,  were  th* 
bane  of  natural  philofophy,  and  for  centuries  op- 
pofed  the  advancement  of  fcience. 

In  all  inquiries  into  the  conftitution  of  na- 
ture, human  genius  may  combine,  but  it  muft  noc 
fabricate.  It  may  collect  evidence,  but  it  muft 
not  fupply  the  want  of  ic  by  conjecture.     It  may 

difplay 
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things*  in  a  flow  and  fbber  exercife,  vainly  prefum- 
ing,by  an  aftion  and  operation  of  her  own,  to  in* 
vent  others  of  a  fuperior  order,  by  whofe  alii  franc* 
flie  may  foar  with  a  rapid  wing  into  the  pofleffion 
of  the  fublimeft  truths;  buoyed  up  into  the  air 
by  thefe  felf-inventions,  (he  attempts  unbounded 
flights  into  the  fertile  but  delufivc  regions  of  ima- 
gination. Hence  we  often  fee  philofophers  led 
by  trains  of  folid  reafoning  to  the  temple  of  fpkti- 
did  and  delufivc  errors. 

The  other  three  caufes  juft  enumerared  have 
their  origin  in  prejudice  arifing  from  partial  and 
inveterate  habits.  Man  is  altogether  the  creature 
of  habits  all  his  virtues  are  habi  i  all  his  vices 
are  habits;  habit  has  it's  fway  alfo  over  his  mind 
both  in  the  elegant  and  fcientific  parts  of  learning. 

As  the  ear  is  prepared  and  qualified  by  habit 
for  the  enjoyment  of  mufic,  the  eye  for  that  of 
painting,  and  every  other  part  of  the  mental  and 
corporeal  frame  adapted  to  it's  proper  object ;  fo  is 
the  mind  prepared  and  qualified  by  habit  for  the 
fcarch  and  relilh  of  every  kind  of  truth. 

But  this  fame  habit,  which  is  the  friend  to  all 
knowledge,  by  being  too  long  and  too  clofely  con- 
fined to  the  .fame  objeft,  employments,  and  pur- 
fuits,  generates  a  prejudice,  and  confirms  a  parti- 
ality which  generally  cramps  and  confines,  and 
often  weakens  and  dettroys  the  powers  of  the  mind. 
Being  addicted  to  one  fet  of  principles,  habituated 
to  one  train  of  reafoning,  and  accuftomed  to  one 
fpecies  of  concluiions,  they  are  difqualified  by  the 
very  habits  of  ftating,  reafoning,  and  concluding, 
and  by  their  very  fuccefs  in  fome  parts  of  learn- 
ing, from  profecuting  truth  in  others.* 

Men  arc  fond  of  particular  fciences  and  ftu- 

dies    cither  when  they  believe   themfelves    the 
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receive  infinite  images  of  error  and  falfchood,  if  we 
do  not  conftantly  dwell  in  the  contemplation  of 
nature,  as  it  were,  in  the  open  day-light.  This 
emblem  of  Plato  agrees  well  with  the  faying  of 
Heraclitus,  That  menfeek  the  fciences  in  tbeir  own 
narrow  world,  not  in  the  wide  one.  Further,  as  in 
a  cave  objects  vary  their  appearance  according  to 
the  form  of  the  cave,  and  it's  manner  of  receiv- 
ing the  light ;  fo  I  ord  Baton  conceives  the  mind 
of  every  man  to  refcmblc  a  cave,  which  has  it's 
particular  form  and  particular  manner  of  being 
enlightened,  and  which  from  thefc  circumftances 
often  gives  falfe  colours,  and  a  dclufive  appearance 
to  objetis  feen  in  it. 

Hence  the  pcrverfion  and  mifapplication  of 
rpafon,and  thcabufc  of  learning,  become  the  fourcc 
of  many  errors.  Under  this  head  you  may  reckon 
the  reafoning  from  no  principles  at  all;  the  reafon- 
ing  from  the  principles  of  one  branch  of  learning  in 
the  method  of another ;  the  reafoning  from  the  prin- 
ciples of  one  to  the  truths  of  another  i  or  laftly,  the 
expelling  the  fame  kind  and  degree  of  conviUion  in 
the  truths  of  one,  zvhiih  belong  to  another,  and 
which  it  does  not  admit.  Thefe  four  caufes  ariling 
from  the  abule  of  learning,  will  account  for  many 
fcientific  errors.  How  ever  various  the  errors  of  the 
learned  may  appear  to  be,  they  all  originate  cither 
in  the  pride  or  prejudice  of  the  human  mind;  for 
according  to  the  obfervaiion  of  Lord  Bacon,  of  op- 
posite errors,  the  caufes  of  cning  are  commonly  . 
the  fame. 

Though  it  may  appear  abfurd  that  any  one 
fhould  reafonfrom  no  principle  at  all,  yet  is  it  an 
error  of  great  and  extenlive  influence.  Great  are 
the  powers  of  the  human  mind,  but  her  preemption 
is  ftill  greater.  Not  content  to  be  employed  upon 
fuch  principles  and  materials  as  are  provided  for 
her  ufe  by  Providence,  and  the  natural  ttatc  of 

I  things 
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txccfs ;  the  one  by  grafping  at  the  dividing  fca 
the  other  by  embracing  the  ftiadows  of  things. 

To  contemplate  nature  and   bodies   in  tf 
Simplicity,  breaks  and  grinds  the  understanding;  i 
confide  r  them  in  their  configurations  and  compe- 
titions, blunts  and  relaxes  it.  The  former  is  fo taken; 
up  with  the  particles  of  things,  as  almoft  to  neglc 
iheir  ftrufture  :    while  the  other  views  the  fabr 
cation  with  fo  much  aftonifhment,  as  not  to  cnti 
into  the  fimplicity  of  nature.    Both  thefe  kinds  < 
contemplation   fliould  therefore  be  taken    up 
turns,  that  the  undcrflanding  may  at  the  fame  til 
be  pierci ng  and  capacious,  and  the  above-mentic 
inconveniences  with  the  idols  thence  ariiVng 
be  prevented. 

Different  perfom,  either  from  temper  oredu-! 
cation,  have  different  tendencies  of  underllandingi 
which  by   their  excefs  are  very  unfavourable  to 
found  judgment.     Some  ipen  of  genius  are  wrap- 
ped up  in  the  admiration  of  antiquity,  and  eon* 
tempt  of  whatever  is  modern;  others  goas  far  into 
the  contrary  extreme,  and  are  delighted  only  with 
what  is  novel.      Some  either  quarrel  with  what 
was  juftly  laid  down  by  the  ancientsr  or  defpife 
what  is  juftly  advanced   by  the  moderns*      The 
unbalanced  mind  of  man  isahvas  ftjifting  from  one 
excefs  into  another,  and  rarely  knows  to  fuftain 
itfelf  in  that  juft  mean  which  right  reafon  and  pure 
religion  demand.   It  is  inconceivable  to  thofc  who 
are  only  acquainted  with  the  prefent  ftatc  of  the 
learned  world,  to  what  an  abfurd  height  this  attach* 
merit  to  antiquity  was  formerly  carried.     Both  ex- 
tremes arc  highly  prejudicial  to  philofophy  and  the 
Sciences,  as  being  rather  an  afledtation  of  antiquity 
and  novelty ,  than  any  truejudgment.  For  truth  is  not 
to  be  derived  from  any  felicity  of  times,  which  is 
an  uncertain  thing,  but  from  the  light  of  nature 
and-cxperience,  which  i*  eternal.  Thefe  affettationi 

3  .   arc 
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fe  therefore  to  be  laid  afide,  and  care  be  taken 
It  the  under  (landing  be  not  hurried  away  with 

Let  contemplative  prudence,  fays  our  incompa- 

le  author,  proceed  in  chafing  and  di (lodging  the 

its  of  the  den,  and  learn  to  fufpeft  whatever  power- 

|P7  ftrikes  and  detains    the    mind,  ufing  then 

J  iter  caution  to  prcferve  your  underftanding  pure 

equable. 

A  fpirit  of  prejudice  and  prepbfleflion  is  very 
trimental  to  philofophy,  it  admits  of  no  im- 
JVement  but  what  it  brings  from  it's  own  fund. 
"ien  a  man  has  ftrongly  imbibed  any  particular 
tions,  he  inveftigates  nature  not  to  receive  infor- 
ttation,  but  to  find  fupport  for  his  own  opinions. 
1  '  A  love  of  novelty  is  alfo  very  injurious  to  real 
Ruth ;  the  knowledge  of  any  truth  apprehended  as 
Sfcful  to  mankind,  is  pleafing  to  the  mind,  and  our 
Klgernefs  to  enjoy  this  pleafure  makes  us  often  en- 
tertain a  perfuafion  of  knowing  a  thing  before  we 
pally  do,  or  upon  a  very  weak  ground.  It  is  there- 
fore dangerous  to  pafs  a  judgment  upon  a  new  dif- 
$overy  while  it  is  new ;  we  ihould  wait  until  time* 
Ip*  abated  the  fweetnefs  of  novelty,  and  given 
fcope  for  reflection  to  flow  in  from  different  quar- 
ter*. The  proper  fpirit  for  inveftigation,  is  hu- 
mility, fobriety,  calm  confideration,  attentive  in- 
diiftry,  and  p^rfeverance. 

Lord  Bacon  fhews,  that  of  various  prejudices, 
rfierc  are  none  fo  troublefome  as  the  idols  of  the 
Market,  which  infinuate  themfelvcs  into  the  mind 
from  the  aflbciation  of  words  and  terms,  the  im- 
perfections and  the  abufc  of  language.  Language 
can  reach  no  further  than  our  notions ;  and  if  thefe 
be  vague  and  ill-defined,  the  words  by  which 
we  exprefs  them  muft  be  fo  likewife.  A  ftronger 
inftance  of  the  abufe  of  words  can  fcarce  be  found 
than  in  the  nomenclature  of  the  French  chemifts, 
1  2  defigned 
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defign*  d  to  prepare  the  mind  for  flavery  by  (t  bab- 
bling .  dialect  of  France/1  For  though  men  be- 
lie ve#  lys  Lord  Bacon,  their  reafon  governs  wordsi 
it  alfo  happens,  that  words  retort  and  refledt  tbtir 
force  pon  the  underftanding »  whence  philofophy 
and  i.  :  fciences  have  been  rendered  fophifticaland 
iiui  s.  Words  are  generally  impofed  according 
to  v  ar  conceptions,  and  divide  things  by  lincst 
i.  e,  kindions  or  differences,  that  are  moft  appa- 
rent to  the  u  '  rftanding  of  the  multitude :  and 
when  a  more  :e  u  [landing,  or  a  more  care* 
ful  obfervation,  wot  remove  thefe  lines,  to  place 
them  according  to  naiure,  words  cry  out,  and  for- 
bid the  alteration.  Hence  it  happens  that  ferious 
difputes  frequently  terminate  in  eontroverfies  about 
words  and  terms,  which  it  were  better  to  reduce 
to  order  by  definitions.  But  in  natural  and  ma- 
terial things,  even  thefe  definitions  cannot  remedy 
the  evil,  becaufe  definitions  thejnfelves  confift  of 
words,  and  words  generate  words  ;  (o  that  of  no 
ccflity  recourie  muff  be  had  to  particular  injlanet^ 
their  fnies  and  orders. 

The  fourth  kind  of  prejudices  mentioned  by 
our  author  are  the  idols  of  the  theatre^  which  are 
neither  conflitutional  nor  (ecretly  infinuatcd  into 
the  underftanding,  but  palmed  upon  it,  received 
from  fabulous  theories  and  perverted  demomtra- 
tions,  arifing  from  the  fyftcms  or  fedb  in  which  we 
have  been  trained,  or  which  we  have  adopted.  A 
falfe  fyitcm  once  fixed  in  the  mind,  becomes  as  it 
were  the  medium  through  which  we  fee  objects,- 
they  receive  a  tincture  from  it,  and  appear  of  a 
different  colour  from  what  they  do  when  viewed 
by  the  pure  light. 

In  Lord  Bacon's  method  of  ftudying  philofo- 
phv  there  is  no  necefiity  for  confuting  the  various 
theories  ;  yet  that  the  paffagc  to  truth  may  be  made 
calier,  and  the  understanding  the  more  difpofedto 

cleanfc 
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deanfe  itfelf,and  put  away  it's  idols,  without  which 
true  philofophy  can  never  be  effectually  promoted, 
(for  the  fciences  formed  by  diftempercd  minds  will 
partake  of  their  diftempers,)  he  has  clafled  fome 
of  the  more  ancient  kind,  and  given  fome  ac- 
count of  them.  He  clafles  them  all  under  three 
heads:  1  ft.  The  Sophiftical:  2d.  Empirical:  and 
3d.  Superftitious. 

The  firft  are  the  JophifiicaU  who  haftily  take 
up  vulgar  things  from  experience,  without  afcer- 
taining  their  certainty,  or  carefully  examining  and 
weighing  them,  committing  all  the  reft  of  the  work 
to  thought  and  the  difcuflion  of  the  wit:  thefe  he 
compares  to  fpidcrs,  who  form  their  webs  from 
their  own  bowels  to  catch  unwary  infedts  in  their 
aerial  flights.  Common  obfervation  and  obvious  ex- 
periments are  not  of  themfelves  fufficient  for  the 
foundation  of  a  ferviccablc  philofophy  ;  nor  is  the 
common  logic  an  engine  at  all  fuitcd  to  deal  with 
experiments,  obfervation,  and  nature.  Of  thefe 
We  have  an  eminent  example  an  Arijlotle,  who 
corrupted  natural  philofophy  with  his  logic.  He 
feemed  to  be  more  follicitous  how  men  might  de- 
fend themfelves  by  anfwers,  and  advance  fomething 
that  {hould  be  pofitivc  in  words,  than  to  come  at 
the  inward  truth  of  nature ;  and  where  he  had  ex- 
perience for  his  guide,  to  wind  her  round,  and  lead 
her  captive  to  his  opinions.  Now  as  the  educa- 
tion of  the  great  fchools  is  chiefly  Ariftotelian^  we 
{hould  have  a  ftridt  watch  upon  ourfelves  in  all 
philofophical  inquiries,  writings,  and  difcourfes, 
that  we  are  not  led  away  with  Ariftotelian  no- 
tions. All  our  common  reafoning  feems  infedlcd 
with  Ariftotelian  prejudices,  fo  as  to  be  affedtedly 
logical  and  captious,  rather  than  ju ft  and  philofo- 
phical, or  formed  upon  the  true  nature  of  things. 

The  empirical  philofophers  are  thofe,  who  la- 
bour with  great  diligence  and  accuracy,  in  a  few 
I  3  experiments; 
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r         is ;  and  then  venture  to  deduce  theories 
,       p  fy  ftcms,  itrangely  wr  citing  every  thing 

iu  (c  experiments.  Bacon  compares  them 
w  i#ft  gathering  up  grain,  and  laying  it  by  u 
they  k  1  it-  The  opinions  produced  by  tbefe 
are  moi^  eformed  and  monitrous  than  thofe  of  the 
fophifti  kind,  as  not  being  founded  in  the  light 
of  vuljJiir  notions  (which  are  in  fome  degree  ge- 
neral j  miverfal ) ;  but  reft  in  the  narrow  confines 
and    o«~  of   a  few   experiments :   y* hence 

fueh  a  ~»  iy  appears  probable,  and  in  a  man- 
ner ccrifuUjto  nie  men  who  d  nlyconverfe  with  thefc 
experiments,and  thereby  dc  ravetheir  imaginarioa; 
whilfl:  to  others  the  theories  appear  incredible 
and  vain.  Of  this  you  will  find  examples  in  rnoit 
of  the  ancient  chemical  writers,  in  Gilbert's  mag- 
net ical  philofopby,  and  that  of  many  moderns,  fomc 
of  whom  refoiveall  difficulties  by  attraction,  others 
by  repullion,  &x.  You  can  never  ufe  too  great 
caution  on  this  head,  for  the  underftanding  is  al- 
ways eager,  and  precipitated  by  it'sdefirc  of  bound- 
ing or  flying  to  general  and  firtt  principles  ;  thus 
forming  theories  on  very  feeble  ground.  The  in* 
tinitc  variety  of  natural  objects,  the  Itupendous 
coincidence  by  which  all  agree  and  all  differ,  muft 
convince  you,that  no  vigourof  judgment,or  warmth 
of  fancy,  is  equal  to  the  tracing  of  every  pheno- 
menon to  it's  firft  principles,  or  forming  an  hypo- 
thefis  adequate  to  explaining  all  the  operations  in 
nature. 

There  isalfo  danger  from  fuperjlition  and  theo- 
logy (though  much  lefs  fo  than  heretofore) ;  for  the 
underftanding  is  as  fubjecfl  t6  the  impreffions  of 
foncy  as  thdfe  of  vulgar  notions  :  by  the  former  it 
is  Hattered  and  courted,  and  therefore  deceived.  We 
meet  with  this  in  all  theories,  where  firft  and  final 
caufes  are  introduced,  and  the  intermediate  ones 
emitted.  We  fhould  be  careful  in  this  cafe  that 
,  wc 
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be  not  led  thereby  to  canonize  error,  and  vene- 
r  vanities.  Some  modern  writers  have  fo  far  in- 
ged  this  ftrange  levity,  as  to  endeavour  the 
tiding  of  natural  philofophy  upon  the  firft  chap* 
of  Genefis,  and  other  parts  of  facred  writ ;  thus 
ting  the  dead  among  the  living. 

The  true  pbilofopber,  Lord  Bacon  compares 

the  bee,  that  gathers   the   matters   from   the 

vers  of  the  field,  from  which  with  admirable  (kill 

makes  her  honey.  He  neither  trufts.  wholly 
his  own  underftanding,  nor  contents  himfelf 
:h  recording  the  hiftory  of  mechanical  experi- 
nts ;  but  by  reafoning  lkilfully  from  them  brings 
th  truth  and  fciencc,  the  great  and  noble  pro- 
lion  of  the  human  faculties. 

He  very  properly  reprehends  thofe,  who,  upon 
eak  conceit  of  fobricty,  or  ill-applied  modera- 
1,  thought  or  maintained  that  a  man  can  fearch 
far,  or  be  too  well  ftudied  in  the  book  of  God's 
7/,  or  in  the  book  of  God's  works  ;  but  rather  he 
;,  let  men  awake  thcmfelves,  and  chearfully  en- 
vour  to  purfuc  an  cndlefs  progrefs  and  pro- 
ency  in  both  ;  only  let  them  beware,  left  they 
ly  knowledge  to  pride  inftcad  of  charity,  to 
ntatiofi  inftead  of  ufe.  He  alfo  obferves,  that 
the  entrance  of  philofophy,  when  the  fecond 
fa,  molt  obvious  to  the  fenfes,  offer  themfelves 
he  mind,  we  are  apt  to  cleave  unto  and  dwell 
much  upon  them,  fo  as  to  forget  what  is  fit- 
or  thereto  :  but  when  we  pafs  further,  and  be- 
1  the  dependence,  continuance,  and  confede- 
'  of  caufes,  and  the  works  of  providence ;  then, 
>rding  to  the  allegory  of  the  poets,  we  eafily 
eve  that  the  higheft  link  of  nature's  chain  muft 
Is  be  tied  to  the  foot  of  Jupiter's  chair,  or 
reive  th?-  *  'ofophy,  like  Jacob's  vifion,  dif- 
:rs  to  w  "vhofe  top  reaches  up  to  the 

Faife 


120     Lectures  on  Natural  Philosophy. 

Falfe  fchemes  of  natural  philofophy  may  kai 
to  atheifm,  or  fuggeft  opinions  concerning  thf 
Deity,  and  the  univerfe,  of  the  moft  dangerous  eofi- 
fequences  to  mankind :  and  you  have  the  more 
reafon  to  be  on  your  guard  on  this  head,  as  the 
philofophers  of  France  have,  for  many  years,  been 
perverting  it  to  the  moft  dire  and  malignant  pur- 
pofes.  True  philofophy  will  lead  you  to  believe 
in,  and  adore,  the  Supreme  Being ;  and  as.  it  con- 
tinually exhibits  brighter  and  brighter  inftanccs  of 
his  wifdom  and  power,  it  removes  alfo,  in  part, 
that  veil  fpread  over  nature,  which  conceals  from 
our  view  it's  awful  depths  and  majeftic  heights; 
and  thus  enables  you  to  fee  the  glories  of  the  Al- 
mighty fhining  in  this  his  exalted  creation,-  and 
hence  inftrudts  you  to  raife  your  voice  in  praifes 
to  Him,  who  is  alone  worthy  to  receive  glory  and 
honour  and  power ;  for  it  is  by  Him  that  all  things 
were  created,  and  it  is  by  Him  that  they  are  con- 
tinually preferved. 

cc  That  one  great  and  univerfal  mind,  who 
made  all  things  by  his  power,  and  preferves  them 
in  his  goodnefs,  is  the  firft  and  only  caufe,  ope- 
rating at  ^11. times  and  in  all  places,  and  producing) 
by  an  exertion  of  his  will,  all  the  various  pheno» 
mena  of  the  material  fyftem.  This  firft  and  uni- 
verfal caufe,  however,  in  the  ordinary  adminiftra- 
tion  of  his  providence,  hath  condefcended  to  em- 
ploy fecond  caufes  as  the  inftruments  of  his  will,  b) 
which  he  adte  ;  which  fecond  caufes  he  hath  alfi 
appointed  in  his  wifdom  to  operate  through  even 
part  of  his  creation  by  general  hnvs.  To  trace  thi 
hand  of  the  Almighty  through  all  his  woiks,  t< 
inveftigate  thefe  general  caufes,  and  to  ereft  then 
into  the  lores. of  pbyfics,  is  the  fuhlime,  the  dc 
lettable,  and  honourable  employment  of  the  na 
tural  philofopher."  * 

*  SeeTatham's  admirable  work,  entitled,  Scale  and  Chart  < 
Tp*th,  p.  133. 
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To  explain,  therefore,  with  certainty  the  phe* 
nomena  of  nature,  to  remove  their  obfcuritics, 
and  obferve  their  influence  and  connexion,  is  the 
great  bufinefs  of  philofophy ;  for  this  purpofe  the 
obferver  mud  obtain  certain  fixed  points,  which 
may  ferve  as  fignals  to  condudt  him  in  the  difficult 
path  he  has  undertaken,  and  prevent  his  wander- 
jng  too  far  from  the  main  road. 

Pbyjieal  logic  does  not  confift  in  argument, 
but  in  discovering  fads,  not  what  agrees  with 
principles,  but  the  principles  themfelves.  There 
is  a  meaning  and  defign  in  every  operation  of  na- 
ture. The  natural  philofopher  endeavours  to  dif- 
Cover  this  meaning,  and  interpret  thefe  defignsby 
a  careful  obfervation  of  her  fteps  ;  but  if  the  mind 
haftily  imbibes,  and  without  difcrimination  trea- 
fures  up  the  firft  notices  of  things,  error  will  ever 
prevail  and  remain  uncorred^d  ;  for  if  thefe  pri- 
mary no.tices  are  vitiated,  confufed,  or  inaccurate, 
thofe  derived  from  them  will  be  equally  defe&ivc, 
and  the  knowledge  built  thereon  like  a  magnificent 
ftrudturc  on  a  bad  foundation. 

The  philofopher,  therefore,  avoids  the  dc- 
monftration  of  fyllogifm,  becaufe  it  continually  lets 
nature  and  reality  flip  through  it's  fingers,  and 
wrefts  the  works  thereof  to  make  them  fquare 
with  the  works  of  men;  whereas  the  works  of  men 
ought  to  be  fubmitted  and  formed  according  ttf  tjie 
works  of  nature ;  fo  that  logical  demonftrations  ap- 
plied to  phyfical  matters  are  only  the  play  of 
words.  He  therefore  takes  indu&ion  for  the  form 
of  demonftration,  as  it  guards  the  fenfes,  prefles 
nature  clofe,  and  rules  over  her  works. 

Inftead  of  flying  immediately  from  the  TeDies, 
and  particulars  to  generals,  (about  which  difputcs 
always  turned)  and  deriving  intermediate  princi- 
ples from  thefe  in  a  fhort  but  precipitate  manner, 
a  manner  fit  for  controvcrfy,  but  unfit  io  clofe 

with 
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^ritfc  nature,  he  endeavours  to  raife  propofitioni 
by  degrees,  and  thus  arrive  at  general  axioms^ 
*xicm&  not  norionaf,  but  well  defined,  and  fuch 
a*  are  conformable  to  the  narure  of  things. 

Axioms  raifed,  fays  L&rd  Bacmt,  by  argumeru 
**tk>n  can  never  be  ufcfui  in  discovering  new 
works  s  for  there  is  no  mode  of  raifing  axioms, 
but  by  a  legitimate  and  proper  form  of  induction, 
ible  of  feparating  experience,  and  concluding 
of  ncceffity  after  all  jhe  proper  rejections  aijd  ex^ 
ch) lions  arc  made. 

Beginning  then  with  phenomena,  the  phik 
<bpher  endeavours  to  trace  out  the  proximate 
caufes,  and  riiing  gradually  from  particular  eaufc*, 
lie  proceeds  to  the  more  general,  and  fo  on  by 
fyre  and  uninterrupted  ftcps,  man  comes  without 
flop  or  gap  to  the  top  round,  or  unity  of  nature; 
from  whence  he  may  defcend  in  a  contrary  order, 
And  from  eitablifhcd  principles  explain  the  phe- 
nomena derived  from  them.  In  no  other  mode  can 
v  K-  \\z  fire  thai  «re  afftime  the  principles  which 
K*Uy  obtain  in  nature,  or  that  any  fyftem  we  may 
rompofe,  is  not  mere  dream  and  illufion. 

Thus  you  fee  that  the  procefs  of  induSion  i$ 
It*  afcent  from  particular  premifes  to  general  coqr 
tlutlon.  The  evidence  of  fuch  general  conclufion 
is*  only  probable,  not  demonjlrative\  yet  if  the  in^ 
^taction  be  fufficiently  copious  and  properly  conT 
<Jj*Cted,  it  forces  conviction  as  ftrongly  as  demon- 
tfeNrtion. 

Merc  reafoning  will  carry  a  man  but  a  very 
^Hk  way  in  mod  fubjedts  ;  but  by  obfervation  and 
^iKfiments  properly  conducted,  the  ftock  of  hu- 
t***ft  knowledge  may  be  continually  enlarged. 

before  the  philofopher  forms  his  judgment, 

^  imtft,  by  accurate  experiments,   and  diligent 

v^f^wions,  fearch  out  how  far  the  phenomenon 

h^  H  inveftigaiing  is  influenced  by  others,   and 

%  this 
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ibis  in  all  poffible  cafes  and  circuniftances,  by 
what  modifications  it  is  affefted,  and  in  what  pro- 
portion it  is  combined  and  connected  with  other 
cftccis:  he  will  thus  endeavour  to  obtain  an  exa& 
notion  of  the  objett  of  his  refearches,  and  march- 
ing Iblidly  towards  truth,  he  will  interrogate  na- 
ture with  fuccefs;  being  careful  to  ftop  where 
no  experimental  proof  can  be  procured,  and  not 
prcfuming  where  the  fubtilty  of  nature  carries 
things  out  of  his  reach  ;  for  he  might  as  well  pre* 
tend  to  build  without  materials,  as  to  form  with- 
out obfervation  and  experiment  a  rational  fyftem 
of  natural  feience. 

General  principles  cannot  be  eftablifhed  with 
fblidity,  without  numerous  experiments,  and  many 
obfervations  on  the  fame  individual  fubjedt,  and 
then  on  different  fubjects  of  the  fame  fpecies: 
their  probability  is  greater  as  the  obfervations  on 
which  they  are  founded  are  more  numerous,  and 
accurately  performed:  all  exceptions  being  then 
made,  a  found  and  ferviceable  portion  of  truth  will 
be  left  behind  as  a  general  axiom.  <€  By  a  repe- 
tition of  the  fame  indurtrious  procefs  and  labo- 
rious inveftigation,  he  advances  from  general  to 
more  general,  till  at  laft  he  is  able  to  form  a  few 
of  the  moft  general,  with  their  attributes  and  ope- 
rations, into  axioms,  or  fecondary  principles,  which 
are  the  well-founded  laws  enadted  and  enforced 
by  the  God  of  nature." 

Having  difcovcred  any  of  thefe  laws  or 
caufes,  it  becomes  the  bufinefs  of  philofophy  to 
trace  them  in  all  their  effects,  and  to  prediA  fimi- 
lar  appearances  from  fimilar  previous  fituations. 
The  philofopher,  by  knowing  what  will  be  the 
refult  of  putting  things  into  a  variety  of  circum- 
ftanccs,  becomes  mafter  of  the  powers  of  nature, 
and  can  apply  them  to  ufeful  purpofes  of  life;  and 

thus 
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thus  does    knowledge,  as    Lord    Bacon   obferves, 
become  power. 

The  ancient  logic,  far  from  eorre&ing  what 
was  wr6ng,  ferved  rather  to  fix  error  in  the  mind 
than  open  the  way  to  truth.  Lord  Bacon  had  to 
begin  anew,  and  lay  down  fuch  rules  for  the  work- 
ings of  the  mind,  as  would  never  leave  it  to  Ufclfj 
as  if  the  bufinefs  was  to  be  performed  by  a  ma- 
chine  {an  organum),  which  would  fettle  the  de- 
grees of  certainty,  and  contrive  fuch  ways  of  fub- 
mitting  things  to  the  fenfes,  as  that  a  true  judg- 
ment might  be  formed  concerning  them.  Being 
convinced  by  careful  obfervation,  that  the  human 
mndfrftandhig  perplexes  itfelf,  and  docs  not  make 
a  fober  and  advantageous  ufe  of  the  real  helps 
within  it's  reach  ;  and  that  this  occafioned  mani- 
fold ignorance  and  many  inconveniences ;  be 
employed  his  utmoft  endeavours  to  reftore  and 
cultivate  a  juft  and  legitimate  familiarity  between 
the  mind  and  things,  by  railing  a  new  art,  in 
which  tfajmi  and  exp€rieme  (hould  be  joined  to- 
gether for  the  improvement  of  philofophy.  This 
cftablifhmcnt  of  a  new  logic  is  called,  by  our  au- 
thor, the  art  of  interpreting  nature. 

The  end  of  the  new  logic  is,  as  wc  before 
ebferved,  to  find  not  arguments  but  arts  :  not  what 
agrees  with  principle,  but  principles  themfelves ; 
not  probable  rcafons,  but  plans  and  defigns  of 
works;  a  different  intention  produces  a  different 
r  fleet.  In  one  the  adverfary  is  conquered  by  dif- 
pute,  in  the  other  nature  by  works.  And  fuitabl^ 
to  thin  difference  of  the  defign,  is  the  nature  and 
order  of  the  demonftrations,  which  here  is  purely 
inductive.  Thofe  therefore  who  determine  not  to 
trinjtfture,  but  to  find  out  and  know,  not  to  in- 
vrut /.</'/"  and  romances  if  worlds,  but  to  look  into 
iu<l  di Ocri  the  nature  of  this  real  zcorld,  muft  only 
nfult  things  themfelves.     No£  can  zf\y  force  of 

genius. 
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genius,  ftretch  of  thought,  or  fubtilty  of  argument, 
be  fubftituted  for  labour,  fearch,  and  infpedion. 

The  knowledge  and  power  of  man  are  coin- 
cident;  for  while  he  is  ignorant  of  caufes,  he  can 
produce  no  efFedts.  Nature  is  only  to  be  conquered 
Dy  fubmiflion,  by  condefcending  to  inquire  into 
and  obferving  her  methods  of  working,  as  a  fervant 
would  learn  thofe  of  his  matter.  No  power  of  man 
can  break  the  natural  chain  of  caufes ;  fo  that  the 
only  method  whereby  man  can  rule  nature,  mull 
depend  upon  learning  her  ways.  And  good  hopes 
can  only  then  be  conceived  of  the  fcience,  when  by 
continued  fteps,  like  real  flairs  uninterrupted  or 
unbroken,  men  (hall  afcend  from  particulars  to  lejfer 
axioms,  and  fo  on  to  middle  ones,  and  from  thefc 
again  to  higher,  and  laftly,  to  the  higheft  of  all ; 
and  thus  difcover  the  forms  or  aSive  laws  of  nature, 
'by  which  all  things  exiji  and  have  their  effetts.  To 
the  ,difcovcry  of  thefe  laws  we  are  continually  di- 
rected by  Lord  Bacon,  as  to  a  thing  that  alone  will 
conftitute  a  juft  and  univerfal  theory,  and  dire<5l  to 
an  extenfivc  practice.  His  Injlauration,  or  fcheme 
for  rebuilding  arts  and  fciences,  depends  upon  the 
difcovery  of  forms.  But  thefe  forms  or  laws  can  be 
truly  inveftigated  by  no  other  means  than  that  of 
induSfion. 

It  is  therefore  of  the  utmoft  importance  in 
philofophy  to  alcertain,  as  accurately  as  pofliblc, 
•  the  general  powers  in  nature,  to  determine  their 
caufes,  and  trace  their  confequences ;  for  as  the 
phenomena  of  nature  are  infinite,  and  the  faculties 
of  the  human  mind  arc  limited,  thefe  phenomena, 
when  confidered  as  unconne&ed  with  other  fafts, 
convey  but  little  inftrudion.  The  infinite  not  be- 
ing the  object  of  fcience,  till  the  forms  or  laws  of 
nature  be  known,  by  careful  obfervation  and  accu- 
rate induction,  ho  progrefs  can  be  made  in  natural 
philofophy. 

Hence 
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Hence  the  neccfliry  of  collating  and  conneifh— • 
ing  correfponding  facts,  and  the  advantage  of  re- 
ducing them  to  ccrtaih  axioms,  and  applying  thefa 
to  account  for  other  phenomena ;  that  we  may  at 
la  ft  advance  to  a  knowledge  of  the  mofi:  general 
laws  that  regulate  the  fyftem  of  operations  in  na- 
ture. But  though  we  may  be  warranted  to  confi- 
de? all  the  phenomena  that  we  find  connected  with 
thefe  general  laws,  and  rranifeftty  depending  upon 
ihetn,  as  fo  many  fads  explained,  fo  many  truths 
known  and  undcrftood  ;  yet  we  ought  not  to  over- 
look fifth  phenomena*  as  are  not  reducible  to  thofc 
general  principles;  but  fhnuld  view  them  as  fimple 
and  feparate  fadts,  and  treafure  them  up  till  a  more 
enlarged  experience,  and  more  accurate  obferva- 
lion  lead  us  to  the  difcovery  of  thofe  powers  of  na- 
ture to  which  they  are  to  be  referred. 

This  method  of  reafoning  founded  on  experi- 
ments and  obfervation,  by  which  the  general  ideas 
and  forms  of  natural  phllofophy  are  invented,  is 
purely  and  exclufively  induBive.  The  fchools  are 
not  the  theatre  in  which  this  philofophical  logic  is 
difplayed-  It  does  not  delight  in  external  appear- 
ances and  oftcntatious  formality,  It  retires  from 
the  clamour  of  verbal  deputation  into  the  retreat 
of  the  elaboratory  and  obfervatory,  where  in  filent 
inveftigation  it  lays  the  foundation  of  fubftantial 
learning ;  and  as  it  mixes  with  experiment  and  ob- 
fervation,  it  is  incapable  of  being  adequately  de- 
scribed by  words,  but  is  beft  feen  and  uridlrftoodt 
by  attending  it  in  the  adt,  and  purfuing  it  through: 
every  ftagc  of  the  analytical  progreffion.* 

After  men  had  laboured  in  the  feareh  of  truth 
jicar  2000  years  by  the  help  of  fyltogifrns,  Lord 
Bacon  propofed  the  method  of  induction  as  a  more 
effe&ual  engine  for  that  purpofe.    His  Novum  Or- 

\  — 
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latum  gave  a  new,  ufeful,  and  remarkable  turn  tv 
the  thoughts  and  labours  of  the  inquifitive,  and  may 
be  conitdered  as  forming  a  grand  sera  in  the  pro- 
pefs  of  human  rcafon.* 

Neither  experience  nor  experiment  muft,  how- 
ever, be  confidered  as  fuch  infallible  guides,  as  to 
juftify  our  refilling  information  from  any  other 
quarter :  for  they  never  make  us  thorough  matters1 
of  the  fubjedt.  We  may  know  enough  for  our  pre- 
fcnt  ufes,  but  can  never  know  that  there  is  not 
more  to  be  learnt,  befides  what  we  have  difcovered. 
We  can  only  obferve  what  efFedts  they  work  upon 
our  fenfes,  or  upon  one  another,  and  from  thence 
induce  imperfectly  the  powers  belonging  to  them, 
and  caufes  operating  upon  them,  but  can  make  no 
juft  deduction  that  there  are  not  other  powers  and 
caufes  whofe  effedts  we  have  never  yet  experienced. 
The  greateft  part  of  human  knowledge  refts 
upon  probable  evidence.  Indeed  we  can  have  ho 
other  for  general  truths,  which  are  contingent  in 
their  nature,  and  depend  upon  the  will  and  ordina- 
tion of  the  maker  of  the  world.  He  governs  the 
world  he  has  made  by  general  laws.  The  effedts 
of  thefe  laws  in  particular  phenomena,  are  open  to 
our  obfervation,  and  by  obferving  a  train  of  uni- 
form effedts  with  due  caution,  we  may  at  laft  de- 
cypher  the  law  of  nature  by  which  they  are  regulated. 
Such  is  the  genuine  logic  of  phyfical  learn- 
ing, which  has  before  it  fuch  a  vaft  extent  and 
variety  of  ground,  as  is  fufficient  to  employ  the 
joint  and  confederated  labours  of  philofophy  of 
different  ages  and  countries,  aflifted  by  the  largeft 
collection  and  beft  arrangement  of  natural  hiftory, 
which  is  the  proper  foundation  of  natural  philofo- 
phy, From  this  ground  experience  rakes  it's  flow 
but  Iteady  courfe;  u  ftrft,  lays  Lord  Bacon,  lights 

the 
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the  candle,  and  then  by  that  candle  (hews  the  way, 
beginning  with  regular  and  well  conduced  expe- 
riments, not  fuch  as  are  vague  and  prepofterous, 
from  whence  it  derives  axioms;  and  then  from 
axioms  well  eftablifhed  defcends  to  new  experi- 
ments. 

"  But  however  numerous  and  extenfivethe 
experiments  and  obfervations  may  be,  they  muft  of 
neceflity  come  fhort  of  the  number  and  extent  of 
nature,  which  in  fome  cafes  will  defeat  all  poffi- 
bility  of  their  coextenfion,  and  in  others,  by  it's 
diftance,  lies  out  of  the  reach  of  their  immediate 
application.  In  order,  therefore,  to  make  his  law 
of  general  ufe,  and  ftretch  it  over  the  whole  extent 
of  nature,  the  philofopher  is  obliged  to  have  re- 
courfe  to  analogy,  by  which  he  can  lengthen  out 
his  inductions,  which  are  properly  confined  to  the 
number  of  experiments  and  obfervations  a&ualiy 
made,  to  all  others  of  the  fame  kind ;  concluding 
the  axiom  to  hold  good  of  all,  and  that  not  only 
for  the  prefent,  but  alfo  for  the  future,  till  it  be 
either  confirmed  and  re&ified,  or  elfe  contradided 
by  better  experiments,  and  a  more  extenlive  and 
complete  induction."  For  if  in  reafoning  about  n*- 
tural  things,  we  were  confined  wholly  to  experi- 
ence, our  knowledge  muft  fall  lhort  of  being  ge- 
neral, for  it  would  be  confined  to  thofe  alone  on 
which  wc  made  our  experiments. 

"  This  is  that  juft  and  philofophic  method  of 
reafoning,  which  found  logic  prefcribes  in  this,  as 
well  as  in  other  parts  of  learning;  by  which,  through 
the  flow  but  certain  road  of  experiment  and  obfer- 
vation,  the  mind  afcends  from  appearances  to  qua- 
lities, from  effects  to  caufes ;  and,  by  a  fair  induc- 
tion from  many  particular  fubjecls  extended  by 
analogy^  forms  general  propojitions  concerning  the 
powers  and  properties  of  phyfical  bodies.  What 
can  faiily  be  deduced  from  fads  duly  obferved,  or 
4  fufficiently 
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efficiently  attcftcd,  is  genuine  and  pure;  it  is  the 
roice  of  God,  and  rio  fidlion  of  human  imagina- 
tion. 

The  view  of  nature,  which  is  the  immediate 
bbjcdt  of  fenfe,  is  very  imperfedl,  ahd  of  a  final  1 
extent;  but  by  theafliftance  of  art,  and  the  help 
of  our  reafon,  is  enlarged  till  it  lofes  itfelf  in  an  in- 
finity on  either  hand.  The  immenfity  of  things  on 
the  one  fide,  and  their  minutenefs  on  the  other, 
carry  them  equally  oqt  of  our  teach,  and  conceal 
from  us  the  far  greater  and  more  noble  part  of  phy- 
sical operations.  As  magnitude  of  eyery  fort,  ab- 
ftra&ly  confidcred,  is  capable  of  being  increafed 
to  infinity,  and  is  alfo  divifible  without  end ;  fo  wc 
find  that,  in  nature,  the  limits  of  the  greateft  and 
lead  dimenfions  of  things  are  actually  placed  at  an 
immenfe  difiance  from  each  other.  We  can  per- 
ceive no  bounds  of  the  vaft  expanfe  in  which  na- 
tural caufes  operate,  and  can  fix  no  border  or  ter- 
mination of  the  univerfe;  and  we  are  equally  at  a 
Jofs  when  we  endeavour  to  trace  things  to  their 
elements,  and  to  difcover  the  limits  which  con- 
clude the  fubdivifioiis  of  matter.  The  objedls 
which  we  commonly  call  great,  vanifh  when  we 
contemplate  the  vaft  body  of  the  earth :  the  ter- 
raqueous globe  itfelf  is  foon  loft  in  the  folar  fyftem: 
in  fome  parts  it  is  feen  as  a  diftant  ftar :  in  great 
part  it  is  unknown,  or  vifible  only  at  rare  times  to 
vigilant  obfervers,  aflifted,  perhaps,  with  an  art 
like  to  that  by  which  Galileo  was  enabled  to  dif- 
cover fo  many  new  parts  of  the  fyftem.  The  fun 
itfelf  dwindles  into  a  ftar;  Saturn's  vaft  orbit,  and 
the  orbits  of  all  comets,  croud  into  a  point,  when 
viewed  from  numberlefs  places  between  the  earth 
tnd  the  neareft  fixed  ftars.  Other  funs  kindle  light 
to  illuminate  other  fyftcms,  where  our  fun's  rays  are 
Unperceived;  but  they  alfo  are  fwallowed  up  in  the 
Vol.  II.  K  vaft 
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vaft  expanfe.    Even  all  the  fyftcms  of  the  fta^ijjall  \ 
fparklc  in  the  clcareft  Iky,  muft  poflefsa  jLgji»1 
corner  only  of  that  fpace  over  which  fuch  fyr  ^ffi 
are  difperfed,  fincc  more  ftars  are  difcovered  iif     -^ 
conftellation  by  the  telefcope,  than  the  naked  ^^ 
perceives  in  the  whole  heavens.     After  we  h**   ^ 
rifen  fo  high,  and  left  all  definite  meafures  fo  f** 
behind  us,  we  find  ourfelvcs  no  nearer  to  a  term^^ 
limit ;  for  all  this  is  nothing  to  what  may  be  dip" 
played  in  the  infinite  expanfe,  beyond  the  remotctf 
liars  that  ever  have  been  difcovered.  If  wedefcencJ 
in  the  feale  of  nature  towards  the  other  limit,  wc 
find  a  like  gradation  from  minute  objedts  to  others 
incomparably  more  fubtil,  and  are  led  as  far -be- 
low fcnfible  meafures  as  we  were  before  carried 
above  them,  by  fimilar  fteps  that  foon  become  hid 
to  us  in  equal  obfeurity.     We  have  ground  to  be- 
lieve, that  thefe  fubdivifions  of  matter  have  a  ter- 
mination, and  that  the  elementary  particles  of  bo- 
dies arc  folid  and  uncompounded,  fo  as  to  undergo 
no  alteration  in  the  various  operations  of  nature  or 
"of  art.     But  from  microfcopical  obfervations  that 
difcover  animals,  thoufands  of  which  could  fcarcc 
form  a  particle  perceptible  to  the  unafliftcd  fenfe, 
each  of  which  has  it's  proper  veflels,  and  fluids 
circulating  in  thofc  veflels ;  from  the  propagation, 
nourifhment,  and  growth  of  thofe  animals ;  from 
'the  fubtilty  of  the  effluvia  of  bodies  retaining  their 
particular  properties  after  fo  prodigious  a  rarifac- 
tion  ;  from  many  aftonifhing  experiments  of  che- 
mifts;  and  cfpccially  from  the  inconceivable  mi- 
nutenefs  of  the  particles  of  light,  that  find  a  paffage 
equally  in  all  directions  through  the  pores  of  tranf- 
parent  bodies,  and  from  the  contrary  properties  of 
the  different  fides  of  the  fame  ray;  it  appears,  that 
the  fubdivifions  of  the  particles  of  bodies  defcend 
by  a  number  of  flcps  or  degrees  that  furpafles  all 

ima- 
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it  firft  begins ;  but  infenfibly  conduit  it,  by  thy 
invifiblc  influence,  till  it  is  conjoined  to  thee,  in 
whomonly  it  caa  find  what  is  adequate  and  full. 
Teach  us  to  love  thee,  and  thy  divine  adminijlra- 
fion ;  to  regard  the  univerfc  as  our  true  and  ge- 
nuine country ;  and  let  the  dreams  of  our  benefi- 
cence be  extended  to  the  whole  of  mankind.  Be 
it  our  endeavour  by  an  humble  fpirit,  a  gentle  de- 
portment, and  an  unfeigned  good  nature,  to  fofteij 
every  care,  alleviate  every  pain,  and  thus  render 
all  around  us  happy , 

Let  our  life  be  a  continued  fcene  ofacquiefcence 
and  of  gratitude,  of  gratitude  for  what  we  enjoy, 
and  of  acquiefccnce  in  what  we  fuffer  ;  and  enable 
us  to  co-operate  with  cheerfulnefs  in  whatfoever 
thou  ordained ;  that  fo  we  may  know  no  other 
will  than  thine  alone,  and  that  the  harmony  of 
our  particular  minds  with  thy  nniverfal  may  be 
Ready  and  uninterrupted  through  the  period  of  our 
exiftence. 

Turn  our  minds  from  all  that  is  abje<&,  fer- 
vilc,  and  evil,  and  enable  us  to  embrace  and  che- 
rifh  only  what  is  generous,  lovely,  fair,  and 
Godlike. 

Let  it  be  our  (ludy  and  delight  to  behold  in 
the  filent  mirror  of  contemplation,  thofe  forms 
which  a*e  hidden  to  human  eyes ;  that  animating 
wifdom,  which  pervades  and  rules  the  whole; 
that  order,  irrefiftible,  immutable,  fupremc,  which 
leads  the  willing,  and  compels  the  averfe,  to  co- 
operate in  their  ftation  to  the  general  welfare; 
that  magic  divine,  which,  by  an  efficacy  paft 
comprcjhenfion,  can  transform  every  appearance, 
even  the  moft  hideous,  into  beauty,  and  exhibit 
all  things  fair  and  good  to  thee,  who  art  of 
purer  eyes  than  ever  to  behold  iniquity :    the  folp 

ancj 


138     Lectures  on  Natural  Philosophy, 

and  only  Lord  and  Saviour,  a  never-ccafing,  < 
overflowing  ocean  of   mceknefs,    delight,   gc 
nefs,  patience,  and   mercy,  ever  giving  forth 
lame  gifts  of  goodnefs  and   truth,  of   light 
love,  Hefting  and  joy*  to  angels  and  men* 


T.ECTt, 
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LECTURE    XV. 

On  Optics. 

TPHE  advances  made  in  the  knowledge  of  optics 
*    in  the  laft  and  prefent  age,  arc  fuch  as  do  ho- 
nour to  human  nature  and  philofophy.     The  the- 
ory of  light  and  colours  by  Sir  Ifaac  Newton,  is  a 
piece  fo  excellent  for  invention,  for  judgment  in 
conducting  experiments,  and  for  drawing  the  pro- 
per concluiions  from  them,  that  had  it  been  New- 
ton's  fingle  work,  it  would  not  only  have  done  ho- 
nour to  him,  but  to  the  country  that  gave  him  birth.* 
OCthc  faculties  called  the  five  fenfes,  fight  is  with- 
out doubt  the  molt  noble;  the  rays  which  minifter 
to  this  i*cnfc,  and  of  which  without  it  we  could 
never  have  had  the  lcaft  conception,  arc  the  moft 
wonderful  and  aftonifhing  part  of  the  inanimate 
creation. 

Of  this  you  will  be  fatisfied  when  you  confi- 
der  their  extreme  minutenefs;  their  inconceivable 
velocity  ;  the  regular  variety  of  colours  which  they 
exhibit ;  the  invariable  laws  according  to  which 
they  arc  adted  upon  by  other  bodies,  in  their  re- 
flexions and  rcfradtions,  without  the  leaft  change  of 
their  original  properties  ;  and  the  facility  with 
which  they  pervade  bodies  of  great  denfity,  and  of 
theclofeft  texture,  without  rcfiftancc,  without  dis- 
turbing one  another,  without  giving  the  lcaft  fen- 
fible  impulfe  to  the  lighteft  bodies. 

Heat  and  light  may  be  conlidered  as  the  chil- 
dren of  fire,  as  kindred  qualities  produced  by  the 
fame  caufe,  fomctimes  exerting  their  powers  fcpa- 
ptely,  fomctimes  united.  We  are,  however,  very 
ignorant  of  the    intimate  combinations  of  light/ 

and 

*  Sir  J.  Pringlc's  Difcourfcs,  p.  233. 


142     Lectures  on  Natural  Philosophy. 

the  order  of  a  battle,  the  figure  of  a  magnificent 
palace,  or  all  the  variety  of  a  landfcape?  If  a  man 
were  by  feeling  to  find  out  the  figure  of  the  peak 
of  Tencriffe,  or  even  of  St.  Peter's  church  at  Rome, 
it  would  be  the  work  of  a  life-time. 

It  would  appear  ftill  more  incredible  to  fuch 
beings  as  we  have  fuppofed,  if  they  were  informed 
of  the  difcovcrics  that  may  be  made  by  this  little 
organ  in  things  far  beyond  the  reach  of  any  other 
fenfe ;  that  by  means  of  it  we  can  find  out  our  way 
upon  the  pathlefs  ocean ;  that  wc  can  traverfe  the 
globe,  determine  it's  figure,  it's  dimenfions,  and 
delineate  every  region ;  that  we  can  meafure  the 
planetary  orbs,  and  count  the  number  of  the  hea- 
venly holl. 

Would  it  not  appear  ftill  more  aftonifhing  to 
fuch  beings,  if  they  ihould  be  farther  informed, 
that  by  means  of  this  fame  organ  we  can  perceive 
the  tempers  and  difpolitions,  the  aftedlions  and 
-paflions  of  our  fellow-creatures,  even  when  they 
want  moft  to  conceal  them?  That  by  this  organ 
we  can  often  perceive  what  is  ftrait  and  crooked 
in  the  mind  as  well  as  the  body ;  that  it  partici- 
pates of  every  mental  emotion,  the  fofteft  and' 
mod  tender,  as  well  as  the  moft  violent  and  tu- 
multuous ;  that  it  exhibits  thefe  emotions  with 
force,  and  infufes  into  the  foul  of  the  fpectator 
the  lire  and  the  agitation  of  that  mind  in  which 
they  originate  ?  To  many  myftcrious  things  mult 
a  blind  man  give  credit.  If  he  will  believe  the 
relations  of  thole  that  fee,  his  faith  muft  exceed 
that  which  the  poor  fceptic  derides  as  impoflible, 
or  condemns  as  abfurd.  *  It  is  not,  therefore, 
without  real'on,  that  the  faculty  of  feeing  is  look- 
ed upon  as  more  noble  than  the  other  fenfes,  as 
"taxing  fomcthing  in  it  fupciior  to  icnLition,  as  the 

fenfe 

•  Ud's  Ir      '      "-Uo  the  Human  Mind,  p.  152,  155. 
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mfe  of  the  underftanding,  the  language  of  intel- 
igeme. 

The  evidence  of  reafon  is  called  feeing,  not 
ecling,  fmclling,  tailing ;  nay,  we  exprefs  the 
iivine  knowledge  by  feeing,  as  that  kind  of  know- 
edge  which  is  moft  perfeft  in  ourfelves. 

Truth  is  of  the  nature  and  efience  of  God, 
incapable  of  a  verbal  definition,  but  may  be  il- 
Luftrated  by  the  fimifitude  of  light.     Between  the 
objedts  of  the  mind   and    corporeal   things,   the 
objedts  of  outward  fenfe,  there  may  be  found  in 
many  refpeds  a  very  natural  and  juft  analogy,  as 
it  is,  indeed,  natural  to  expedt ;  every  corporeal 
form  being  but  the  image  or  refemblance  of  fome 
mental   form.      Hence  you    find  in   facrcd   wrir, 
light   applied  as  a  name  to  the  Supreme  Being; 
for  as  the  fun  is  the  fountain  of  external  light  to 
this  vifible  world,  fo  is  the  Divine  Mind  the  foun- 
tain of  intelligence  or  intellediual  light.     Thus 
alfo  the  different  kinds  of  good  which  run  through- 
out the  whole  external  univerfe,  may  be  confidered 
as  beams  emitted  forth   from  the  goodnrfs  of  the 
Divine  Being;  and  though  the  intellectual  fan,  who 
enlightens  the  whole  intelligent  or  fpiritual  world, 
be  uniform  in  his  efTence,  like  uncolourcd  light; 
yet  as  he  beams  around  on  all  things,  without  ex- 
ception or  intcrmiffion,  his  rays  take  a  diverfity  of 
tints  from  the  diverfity  of  objeds  on  which  they 
fall,  or  the  different  lights  in  which  the  fame  ob- 
ject is  confidered  :    or,  as  a  ray  of  the  fun,  that 
jublime  and  fgnijicant  emblem  of  truth,  palling 
through  a  prifm,  is  divided   into  a  beautifulva- 
riety  of  fhades  and  colours,  fo  that  ray  of  truth, 
ivhich  is  (lied   down   from  heaven  on  the   human 
mind,  as  it  paffes  through  different  mediums  of 

>w  ledge,  differs   in  firength    and  degree,    and 

:ii"ftrious  fpecimen  of  that  beauty  and 

-  aP^  "ffccl  which  diflinguiih 

*\\ 
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all  the  works  of  God.  The  influence  of  o\ir  ix- 
telleflual fun  never  ccafes,  nor  will  it  ever  rtlifs  of 
accomplifhing  it's  divine  ends  in  all  fuch  jninds 
as  open  thcmfelves  to  receive  the  aid  of  his  benign" 
irradiation. 

I  (hall  not,  pcrhapsy  find  a  more  fui table  op- 
portunity of  illuftrating  to  you  the  words  of  the 
apoltlc,  (and  by  this  illuftration  pointing  out  to  yoil 
one  of  the  great  ends  of  natural  philofophy,)  that. 
the  invijiblc  things  of  God  are  clearly  Jeen  from  the 
creation  of  the  world,  being  understood  by  the 
things  ivbicb  are  made.  The  whole  natural  world, 
throughout  the  facrcd  oracles,  is  referred  to  as  a' 
figure  of  the  fpiritual.  You  will  find  this  fubjed 
placed  in  a  very  clear  light  by  the  Rev.  Dr.  Ta- 
tham,  *  in  vol.  ii.  of  his  €t  Scale  and  Chart  of 
Truth/'  a  work  to  which  I  have  already  referred 
you.  In  this  dark  and  fublunary  flare,  wedded,  to 
ienfe,  immured  in  body,  and  involved  in  matter, 
we  poflefs  no  faculties  by  which  we  can  form  any 
immediate  conception  of  God  and  fpiritual  beings,  f 
Between  the  vifible  and  inviiible  worlds  an  im- 
palliible  gulph  is  fixed,  an  impenetrable  chafmy 
through  which  not  a  ray  of"  ecleftial  light  can 
direct  !x  dart.  All  our  information,  therefore,  of 
things  that  arc  divine  mult  be  conveyed  through 
an  indu\ti  channel. 

You 

*  Tatham's  Scale  and  Chart  of  Truth,  vol.  ii.  p.  121  ;  vol.  i. 
p.  185.  Sec  alio  the  works  of  Lor-J  B^con.  Dr.  Home,  Bilhop 
of  Norwich,  and  thole  of  the  Rev.  William  Jones. 

+  Plato  has  a  inofr.  beautiful  pafla^c   on  this  head,   faying, 

u  That  they  who  contemplate  an  cciipic  of  the  fun,  unlcfs  thfV 

view  the  image  of  the  iun  in    water,  or  lomc  fuch  thing,   lofe 

their  own  eje-j/tght,  by  gazing  attentive;;.'  upon  an  object  brighter 

than  it  can  bear."     That  is,  the  ic.ind  by  contemplating  too 

fcly  the  ret  c-VTCt,  and  endeavouring   by    it's  own    internal 

*y  to  behold  them  as  they  arc  in  thcmfelves,  will  be  daz- 

Ind  ftupified;  but  by  having  retourfc  to  icnfible  objects 

etfoning  from  an  analogy  in   nature,  it  may  cciueiupU:* 

Without  being  impaired. 
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You  know  chat  by  analogy  in  human  language 
transfer  material  imprefiions  to  mental  fubjedts, 
1  can  thereby  communicate  and  confidcr  thefe 
:h  certainty  and  precilion  ;  fo,  by  a  fimilar,  but 
;her  transfer  from  things  which  are  human,  ma- 
ial,  or  mental,  to  thofe  which  are  divine,  human 
guage  is  converted  into  an  indirect  but  certain 
xument  of  this  celeftial  communication. 

Our  Lord,  in  condefcenfion  to  the  capacity 
1  apprehenfion  of  mankind,  hath  gracioufly  and 
ndantly  employed  this  analogy  as  a  medium  to 
der  us  capable  of  receiving  the  myflerics  of  re- 
On.  This  divine  analogy  is  founded,  like  thfc 
rian,  upon  a  fimilitudc  conlifting  in  a  perfeft 
mblance  and  correfpondent  realiiy  between  the 
eftrial  things  and  ideas,  which  arc  the  direft 
t€t$  of  the  human  intellect,  and  thofe  celcftial 
:hs  of  which  it  can  have  no  diredt  conception; 
it  is  exprefled  by  transferring  the  words  which 
id  for  the  terrcftrial  things,  and  the  ideas  to 
rftial  truths,  which  words  are  to  be  taken  in 
ir  plain  and  obvious,  not  figurative  fenfe ;  fo 
t  the  companion  is  founded  on  fomething  real 
rell  as  fimilar;  from  which  real  fimilarity,  rea- 
deduces  a  juft  and  true  correfpondence.* 

Inftead  of  giving  men  new  and  fpiritual  ideas 
deavenly  things,  different  from  thofe  they  have 
nature,  and  inftead  of  uiing  a  fpiritual  language 
node  of  communication  calculated  directly  to 
refs  heavenly  truths,  (which  would  be  to  change 
r  nature  at  once)'  this  analogy  takes  men  a& 
rOL.  II.  L  they 

ITiis  is  not,  fays  Bifhop  Butler,  an  apparent  and  metaphorical 
tudt ;  it  is  the  fubftituting  the  idea  or  conception  of  one  thing 
\nd  for  and  reprefent  another,  on  account  of  a  true  refembla>ni 
'mrefpondciit  reality  in  the  very  nature  of  the  things  comparer1, 
defined  by  Aiiltotlean  equality  orparityof  rea Toning, th«iurh 
arity  of  reasoning  is  rather  built  on  the  (imil.tude  and  r 
1  and  confluent  to  them,  than  the  fame  with  thesn. 
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they  are,  and  onty  transfers  their  words  and  ideas 
from  earthly  to  heavenly  fubjeds,  by  which  divin 
and  wonderful  expedient,  the  invijible  things  of  Co, 
mre  clearly  Jein%  being  understood  by  the  thin 
that  are  made. 

By  this  method  of  divine  revelation,  fo  wrrg/I 
Jary,  fo  rea{>  fo  clear,  and  certain,  the  Almighty 
has,  as  it  were,  bowed  the  heavens,  and  come  down, 
in  wonderful  condefcenfion  to  the  blindnefs  an 
imperfection  of  human  reafon,  fpeaking  to  us  < 
himfelf  in  our  own  ideas  and  words,  with  the  lit 
mod  familiarity,  as  a  man  fpeakcih  to  bisfricnd,*xA 
enabling  us  to  fpeak  of  him  as  far  as  we  are  con- 
cerned, with  all  reverence  and  adoration,  but  v 
as  much  cafe  ahd  certainty  as  of  each  other. 

la  the  explication  of  his  myfteries  (fays  Lor 
Bacon,  our  divine  philofophcr )  God  vouchsafed  t 
cfcfcend  to  the  weaknefs  of  our  capacity,  fo  exprcf 
fihg  and  unfolding  them  to  us  as  they  may  be  be 
comprehended  by  us,  inoculating,  .as  it  were, 
revelations  upon  the  conceptions  and  notions 
our  reafon;  and  fo  applying  his  infpirations  to 
open  our  underitanding,  as  the  figure  of  a  key  i* 
fitted  to  the  wards  of  a  lock.  We  ought  not,  how- 
ever, on  this  account,  to  be  wanting  to  ourfelves  5. 
for  feeing  God  makes  ufe  of  the  faculty  and  func- 
tions of  reafon  in  his  divine  illuminations,  we 
pught  every  way  to  improve  the  fame,  in  order  that 
we  may  be  more  capable  to  receive  and  entertain 
fuch  holy  myltcrics. 

Our  Lord,  who  is  himfelf  thefountain  and  con- 
clu<5tor  of  truth,  is  reprefentcd  in  the  facred  oracles 
as  the  sun,  the  fountain  of  light,  and#j  the  day- 
spring  from  on  uroH,  the  harbinger  of  light; 
and  of  thefc  apt  llmilitudcs  familiar  to  all,  ^ven 
without  an  explanation,  he  often  availed  him- 
fell,  cxprelfing  truth  by  the  iignilkant  emblem  $f 
light,  an  J  the  light  or  life. 

3 
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He  by  v?bo?n  all  things  were  made  hath  delegated 
to  the  fun  the  power  of  enlightening  the  material 
fyftem,  while  he  hath   feferved  to  himself  the 
office  of  giving  light  and  knowledge  by  his  eternal 
truth  to  the  mind  of  man.     But  whether  he  adts 
through   the  injlrumentality  of  his   creatures,  or 
more  immediately  from  himfelf,  he  is  uniform  and 
i  confident  in  his  operations;  fo  that  one  part  of  his 
r  creation  is  always  illuftrative  of  another* 
j         The  fun,  in  performing  his  daily  fplendid 
\  office,  beams  forth  light  and  life  throughout  our 
f  fyftem,  and  proclaims,  in  language  known  to  all, 
1  it's  Maker's  facred  glory,  whofe  power  fupplics  the 
c  never-failing  fountain  with  it's  endleis  beams,  and 
makes  it  a  reprefentative  of  his  invifible  glory.  Thus 
as  the  sun  {beds  his  light  over  the  material  creation 
to  be  apprehended  by  the  eye,  fo  truth  is  the 
light  fhed  down  from  heaven  to  be  apprehended 
by  the  intelle<5l,  given  to  illumine  every  fubjedt 
natural   and   moral,    corporeal   and    fpiritual,  as 
far  as  they  are  qualified  by  their  different  natures 
to  convey  it  to  the  human  mind,  or  rather  per- 
haps fo  far  as  the  human  mind  is  qualified  to  re- 
ceive it  from  them*     For  the  difficulty  of  receiv- 
ing truth  does  not  cxift  fo  much  in  the  fubje&s  as 
in  ourfelves ;  and  truths  which  arc  the  ftrongeft, 
taay  fometimes   fhinc  upon  our  mind  with   the 
weakeft  force. 

In  order  to  inftrudl  us,  the  facred  fcripture 
always  places  fome  natural  object  before  the  eye  of 
the  undcrftanding ;  and  as  the  vifible  world  is 
throughout  a  pattern  of  the  invifible%  the  figures 
of  the  facred  writers  built  upon  the  images  of 
nature,  arc  as  extenfive  as  the  world  itfelf.  The 
world  being  thus  an  image  or  fhadow  of  heavenly- 
things,  natural  pbilofophy,  when  employed  in  un- 
folding the  works  of  creation,  and  applying  them 
to  their  Sine  end,  -^ch  God  is  the 
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teacher;  and  all  the  objedb  of  fenfe  in  heaven  ami 
'earth,  and  under  the  earth,  are  die  letters  of  m 
univerfal language,  in  which  you  dnd  all  mankind 
have  a  common  mtereft. 

Words  are  changeable,  language  has  been 
confounded,  and  men  in  different  parts  of  the 
world  are  as  unintelligible  to  ohc  another  as  bar- 
barians: but  the  vifible  works  of  creation  are  nor 
jfubje&  to  any  foch  confufipn,  they  fpeak  to  us  the 
fame-  language  as  they  fpoke  to  Adam,  send  their 
language  will  laft  as  long  a*  the  world  flull  rc- 
ihain. 

Thus,  for  example,  if  you  take  the  word  Gov. 
foa  have  a  found  which  gives  you  no  idea  ;  and  1! 
you  trace  it  through  all  the  larfguag     of  the  world, 
you  find  nothing  out  arbitrary  founds  with  great 
variety  of  dialect  and  accent,  all  of  which  ftil 
leave  you  where  you  began,  and  reach  no  farther 
than  the  ear.   But  when  it  is  feidy  God  is  a  fun  and 
a  Jhield,  then  things  are  added  to  words,  and  you 
underftartd  the  extent  of  the  power  and  the  influ- 
ence of  the  Being,  fignified  by  the  word  God* 
you  conceive  him  to  be  the  author  of  light  to  the 
underftanding,  the  fountain  of  life  to  the  foul, 
it's  Security  againft  all  terror,  it's  defence  ag&ijift 
all  danger.     Such  is  the  difference,  between  thb 
language  of  words  and  the  language  of  things.    If 
an  image  is  prefented  to  the  mind,  when  a  found 
h  heard  by  the  car,  then  we  begin  to  underftand» 
and  a  tingle  object  of  our  light  in  figurative  ac- 
ceptation will  give  you  a  larger  and  more  inftruc- 
tive  leflbn  than  ever  could  be  conveyed  by  all  the 
pofflbie  combinations  of  founds. 

In  the  preceding  Lectures  on  fire  you  have 
feen  how  every  thing  fublifts,  and  is  prefervfcd 
in  the  midft  of  an  clement  capable  of  deftroy- 
ing  and  continuing  all  things,  and  yet  by  it's 
Q)ontaneous  action,  it  never  deftroys  any  thing, 

I  havs 
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I  have   now  to  treat  of  another  agent ;    light 
is  a  property    of    fire;     by    it's    operation    it 
makes  us  pafs  in  the  twinkling  of  an  eye  from 
a.ftate  of  the   thickeft  darknefs  to  that  of  the 
brighteft  day ;  it  gives  us  as  it  were  a  new  exift> 
tnee,  making  us  go  out  of  ourfelves,  and  enter  into 
communion  and  commerce  with  the  molt  dittany 
objefts.     Heat  and  light  are  undoubtedly  the  off- 
spring of  fire ;  but  we  are  equally  unable  to  draw 
the  line  of  Separation,  or  to  trace  the  bond  that 
unites  them.     You  need  not  be  furprized  at  thefe 
various  modifications  of  the  fame  fluid*  when  you 
rcfledt  on  what  you  have  already  feen  in  this  world, 
where  beauty  is  fo  diver/ijied,  where  being  is  fo  mul- 
tiform, and  yet  where  one  and  the  fame  face  of 
things  is  ever  prefented  to  your  view. 

As  the  eye  among  the  organs  of  body,  fo  optics 
among  the  branches  of  natural  philofophy,  is  the 
moil  noble,  curious,  and  ufeful ;  and  this  whether  it 
is  treating  of  fimple  vifion,  of  that  through  glafles, 
or  of  the  effe&s  of  mirrors,  all  ftill  relates  to  the 
eye,  and  you  are  intimately  concerned  in  all  the 
phenomena  of  which  it  treats.  If  you  caft  your  eyes 
on  a  large  plain,  and  run  rapidly  over  all  the  ob- 
jects thereon,  in  an  inftant  their  image  is  exadtly 
painted  at  the  bottom  of  your  eye;  if  you  dook 
through  a  telefcope  at  a  diftant  objeft,  it  appears 
as  if  it  were  within  a  few  inches  of  the  eye.  Docs 
age  weaken  the  fight  ?  a  convex  glafs  reftores  it 
again  ;  if  the  eye  be  fo  formed  as  not  to  be  capa- 
ble of  viewing  diftant  objeds,  a  concave  glafs  re- 
medies the  defect.  Have  you  occafion  for  heat 
beyond  the  ftrength  of  the  furnace?  optics  will  in- 
ftru&  you  how  to  obtain  it  from  the  folar  rays. 
With  a  prifm  in  your  hand  you  decompolc  thofe 
rays,  and  fhew  that,  the  rays  of  light  which  ap- 
pear to  us  uncoloured,  confift  of  feven  primitive 
colours. 

x      L  3 .  Amongft 


Amoogft  the  various  inventions  of  human 
Acre  are  none  fe  iuftly  entitled  to  your  admin 
ti<m»  is  thofe  which  enlarge  the  powers  of  vifioiu 
And  the  difcoveiy  of  •ptUal  in^rnments  may  be 
efteemed  aiftongft  the  moft  nobl  c,  as  Well  as  amongft 
the  mbft  ufeful  gifts  which  the  supreme  artist 
<has  conferred  on  roan.  For  all  admirable  as  Ac 
eye  came  out  of  the  hands  of  n  i  m  who  mack  it, 
jtt  no*  organ  of  the  animal  frame  hath  he  permit* 
ted  to  be  fo  much  aflifted  by  human  contrivance, 
not  only  for  the  ufts  and  comforts  of  life,  but  for 
the  advancement  of  natural  fcience,  whether  as  in 
microfevpes,  by  giving  form  and  proportion  to  the 
minute  parts  of  bodies  (as  it  were  to  the  atoms  of 
nature)  imperceptible  before;  or,  by  contracting 
fpace,  as  by  the  tele/cope,  and,  as  by  magic  art, 
bringing  to  view  the  pander  objects  of  the  uni- 
verfe,  the  immenfe  diftances  of  which  had  either  ' 
4ifguifed  their  afpeft,  or  rendered  them  quite  in-  ' 
vifible.* 

Yet  fo  lingular  are  the  difpofit  ions  of  men  who 
term  thcmfelves  philofophers,  that  you  will  find 
them  on  the  one  hand  denying  the  exiftencc  of  all 
Jpirilnal  beings  and  Jpiritnal  agency  ;  and  on  the 
othfer,  fooner  than  own  and  acknowledge  the  unity 
of  defign  and  wifdom,  that  is  evident  in  all  partg 
of  trtatibn,  they  will  embrace  the  grcatcft  abfur- 
dities,  and  make  fire  and  light  to  be  mere  quali- 
ties.  That  light  is,  however,  the  aftion  of  a  mate- 
rial, real  fubftance,  will  becorne  very  evident  to  you 
by  a  few  confiderations. 

j  ft.  The  motion  of  light  is  progreffive,  like 
all  other  bodies;  and  it  has  been  proved  by  aftro- 
nomers,  that  it  takes  about  feven  or  eight  minutes 
*n  patting  from  the  fun  to  the  earth.  This  difco- 
very  was  firfl  mode  by  Morf.  Romer,  who  having  ob- 
served, that  the  eclipfes  of  the  fatcllitcs  of  Jupiter 

appeared 
•  .JSir  John  Fringe's  Djfcourfcs. 
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appeared  fboncr  or  later  than  they  ought  by  theory, 
according  as  the  earth  was  nearer  to»  or  farther 
from,  Jupiter,  concluded  from  thence  that  the  mo- 
tion of  light  was  not  inftantaneous  ;  and  by  obferv- 
ing  the  different  times  of  the  appearances  of  thefe 
eclipfcs,  according  to  the  different  d. (Varices  of 
the  earth  from  Jupiter,  difcovered  the  time  it  took 
up.  This  theory  was  further  confirmed  by  a  nota- 
ble difcovery  of  Dr.  Bradley ,  of  an  appaient  mo- 
tion of  the  fixed  ftars,  and  elegantly  accounted  for 
by  the  motion  of  light. 

From  Dr.  Bradley's  obfervations  it  appears, 
that  light  is  propagated  as  far  as  from  the  fun  to 
the  earth  in  8  minutes  12  feconds.  And  it  like- 
wife  appears,  that  the  velocity  of  light  is  uniform 
and  the  fame,  whether  original,  as  from  the  ftars, 
or  rcfledVcd,  as  from  the  fitcllites  of  Jupiter. 

2.  Light  may  be  flopped,  or  refilled,  in  it's 
paflage  from  one  place  to  another  by  the  inter- 
pofition  of  an  opake  body,  as  other  fluids  arc  flop- 
ped in  their  courfes  by  the  oppofition  of  any  iblid 
fubftancc. 

3.  Like  all  other  bodies  in  motion,  it  may  be 
turned  out  of  it's  rectilinear  courfe,  and  have  the 
determination  of  it's  motion  changed  ;  it  may  be 
collcifted  into  a  fmall,  or  fcattcred  through  a  large 
fpace. 

4.  It  adts  upon  the  organs  of  animals,  and 
upon  all  other  bodies,  in  a  fimilar  manner  to  other 
fluid  fubftanccs,  ftriking  them  with  a  determined 
force,  communicating  to  them  a  certain  degree  of 
motion,  and  feparating  their  component  parts. 

The  velocity  of  light  being  known,  we  fhould 
be  able  to  cltimatc  the  magnitude  of  it's  particles, 
if  we  were  in  pofieffion  of  good  obfervations  of  the 
effedfc  of  their  momentum.  For  example,  it  is  found 
that  a  ball  from  a  cannon  at  it's  fir IV  difchargc  flies 
witlj  a  velocity  of  about  a  mile  in  8  feconds,  and 

L  4  would 


152    Lectures  ,on  Natural  PHttOSQPHr. 

would  therefore  arrive  at  the  fun  ip  32  yean,  fup; 
poling  it  to  move  with  unremitted  velocity.  N01J  1 
light  moves  through  that  fpace  in  about  8  minutes,  ] 
which  is  two  million  times  falter.  But  the  forces 
with  which  bodies  move  are  as  their  naailes  mul- 
tiplied by  their  velocities  :  if  therefore  the  parti- 
cles of  light  were  equal  in  mafs  to  the  two  mil- 
lionth part  of  a  grain  of  /and,  we  (hould  be  no 
more  able  to  endure  their  impulfe  than  that  of  find 
when  (hot  point  blank  from  a  cannon.* 

Definitions. 

The  caufe  and  nature  of  vifipn  is  properly  Ac  \ 
fubje<ft,of  that  part  of  philofophy  which  is  called 
by  the  name  of  optics.  But  as  light  is  a  principal 
inftrument  in  effecting  vifion,  the  word  optics  U 
ufed  in  a  more  extenfive  fenfe,  and  every  thing  in 
philofophy  is  looked  upon  as  a  part  of  optics, 
which  relates  to  the  nature  and  qualities  of  light 

When  the  word  optics  is  ufed  in  the  ftri&cr 
fenfe  for  the  theory  of  vifion,  the  fcience  of  optics 
is  divided  into  two  parts ;  oiv  part  is  called  diop- 
trics, and  the  other  catoptrics. 

The  laws  of  refraction,  and  the  effe&s  which 
the  refradfcion  pf  light  has  in  vifion,  are  the  fubjeft 
of  dioptrics. 

The  laws  of  reflexion,  and  the  effefts  which 
the  reflexion  of  light  has  in  vifion,  are  the  fubjeft 
of  catoptrics. 

Tnefe  diftin&ions  will  however  be  of  little 
ufe  to  us,  nor  will  it  be  worth  our  while  in  thefe 
Lectures  to  keep  the  branches  of  optics  diftintf 
from  each  other. 

Whatever  is  feen,  or  beheld  by  the  eye,  is  by 
opticians  called  an  otjeff. 

They 

+  Nkholfon's  Introduction  to  Philofophy,  vol.  i.  p.  156. 
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They  confider  every  luminous  objetl  as  made 
up  of  a  vaft  number  of  minute  points  ;  and  that 
each  of  thefe  points,  by  an  unknown  power,  fends 
forth  rays  of  light  in  all  directions,  and  is  thus  the 
center  of  a  fphere  of  light  extending  indefinitely 
oil  all  fides.  To  render  thit  clearer,  confider  this 
fipall  brilliant  objed  that  I  place  upon  the  table, 
and  you  will  find,  that  you  can  fee  it  from  any 
part  of  the  room ;  it  is  therefore  evident,  thap 
rays  of  light  mull  proceed  from  all  parts  of  it,  an<J 
extend  indefinitely  on  all  fides. 

By  a  ray  of  light,  is  ufually  meant,  the  leaft 
particle  of  light  that  can  either  be  intercepted 
alone,  whilft  all  the  reft  are  frittered  to  pafs,  or 
that  can  be  let  pafs  alone,  whilft  all  the  reft  are 
intercepted. 

Any  parcel  of  rays  diverging  from  a  point, 
confidered  as  feparatc  from  the  reft,  is  called  9. 
pencil  of  rays. 

By  a  medium,  in  the  language  of  opticians, 
is  meant  any  pellucid  or  tranfparent  body,  which 
fuffers  light  to  pafs  through  it.  Thus  water,  air, 
a  diamond,  and  glafs,  are  called  mediums. 

One  medium  is  faid  to  be  more  denfe  than 
another,  when  it  contains  more  matter  in  the  fame 
bulk  and  fize :  thus  glafs  is  more  denfe  than  water, 

water  is  more  denfe  than  air. 

A  fmall  objed,  or  phyfical  point  of  anobjeft, 
'confidered  as  propagating  light  towards  a  certain 

part,  is  fometimes  called  a  radiant,  or  radiating 

pint. 

Thofe  rays  which  proceed  from  any  point  at 

tytry  great  diftance,  may  be  confidered  as  parallel 

ttjs;  for  the  greater  the  diftance  of  the  point  from 

whence  rays  flow,  the  ncarc/-  do  they  approach  ? 

Mallei  direction. 

f  Of 
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"■*•■'-   DEMOK^f RATIONS  ARE  /QVVDEp. 

„.-...,.  ■      ,  -    ^ f 

•  Trffflliftrafci  iAd I  explain  fome  nf  rhc  general 
princi61W  of  opf Ids,  f  (hall  darken  this  room,ind 
only  aditfit  flii  light  "by  a  (mall  hole:  oppofite  to 
the  hole  I'thM  place  a  white  fe reen.     >Jqw  if  you 
ioqk  *£lhV£  rttfy 'you  will  obferve  thereon  a  pic- 
ture of  ill  the  Exterior  objects  which  are  oppofite 
to  the  hole,  .with  all  their  natural  colours:  the  co- 
jonre  are  faintly  depi&cd  j  the  images  of  the  objects 
thit&tc  ftationtry^aihoufcsj  trees,  &zc.  are  fixed  and 
ftatibh4r]r  lit"  the  pidkure ;  while  the  images  of  thofei 
tharafe#lh  mdtioft,  as  thofe  of  horfes,  &c,  art  — 
feen  to  move.  You  pbferve  that  the  image  nf  every 
cbjeft'is  inverted]  u\i$  is  occafioncd  by  the  rayi 
of  i.ght  Croffirfg  each  other  as  they  pafs  through 
the    hole.      The  fun  fhinjs    this   moment  on  the 
hole,  as  you  may  fee  by. the  luminous  ray  proceed* 
ing  from  it  to  the  fcreen.     Now  if  eitner  of  you 
will  place  your  eye  in  this  ray,  you  will  find  that 
yo^r  eye,  the  fun,  and  the  hole,  are  in  one  and  the 
fame  ft  1  ait  line.     It  is  the  fame  with  every  other 
objed  which  is  depidted  on  the  fcreen.  The  images 
of  the  objed"ts  are  fmaller  in  proportion  as  the  ob- 
jects are  iurther  from  the  hole. 

Let  us  now  confider  a  few  among  the  many 
important  inferences  that  may  be  deduced  from 
the  foregoing  experiment. 

It  muft  be  evident  to  you,  that  light  moves  or 
aUs  in  a  fir  ait  line  ;  for  you  faw  that  your  eye,  the 
image  of  the  object,  and  the  object,  were  always 
in  a  r  ght  line.  This  is  alfo  plain  from  the  fha- 
dows  which  opake  bodies  caft ;  far  if  the  light  did 
not  defjrihe  ftrait  lines,  there  would  be  no  (hadow: 
it  is  equally  plain  from  lights  finding  no  paflage 
through  bent  tubes. 

As 
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As  the  rays  of  light  arc  conftantly  propagated 
in  right  lines  from  luminous  bodies,  whenever  i 
have  occafion  to  reprefent  a  ray  of  light,  I  (hall  dp 
it  by  a  ftrait  line  reaching  from  a  luminous  body 
to  the  body  illumined ;  that  is,  I  lhall  fpeak  of  the 
line  which  the  ray  defcribes,  as  if  it  was  the  ray 
itfelf. 

It  is  manifdl  alfo  that  light  confifts  of  parts 
both  fucccflivc  and  cotemporary,  becaufc  in  the 
fame  place  you  may  ftop  that  which  comes  one 
moment,  and  let  pafs  that  which  comes  prcfently 
after  ;  and  at  the  fame  time  you  may  ftop  it  in  any 
one  place,  and  let  it  pafs  in  any  other.  In  other 
words,  the  light  which  falls  upon  an  objedt  ail  at 
once,  at  the  fame  inftant,  is  cotemporary ;  the  light 
which  from  time  to  time  continues  to  fall  on  an 
object  is  fucceffive,  confifting  of  parts  following 
one  another. 

A  fecond  inference  deducible  from  our  ex- 
periment is,  that  a  luminous  point  may  be  Jeen  from 
all  places  to  which  a  Jl  rait  line  can  be  drawn,  without 
meeting  with  an  intervening  objlacle.  This  muft  be 
evident  to  you,  when  you  remember  that  the  pic- 
ture of  an  objedt  in  motion  in  thefc  experiments 
was  vifible  as  long  as  it  was  in  a  line  with  the  hole 
and  fcreen. 

It  follows  from  hence,  that  a  luminous  point,  by 
fome  unknown  power,  fends  forth  rays  in  all  direc- 
tions9  and  may  be  confidered  as  the  center  of  afphere 
of  light  extending  indefinitely  on  all  fides. 

This  you  may  underftand  ftill  better  by  look* 
ing  at  fig.  i,  pi.  1 ;  where  you  find  the  point  O  of 
the  dart  is  vifible  to  an  eye  placed  in  either  of 
the'  fituations  A,  B,  C,  D,  E,  F,  G. 

If  you  conceive  fome  of  thefe  rays  to  be  in- 
tercepted by  a  plane,  then  is  the  luminous  point 
the  iuromit  of  a  pyramid,  the  body  of  which  is 

formed 
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fpjmed  by  the  rays  proceeding  therefrom ;  thebaic 
p  fhe  intercepting  plane.  . 

The  iipage  of  the  fiirfacc  of  an  objeft  on  the 
fcrcen,  is  alio  the  bafe  of  a  pyramid  of  lights  the 
fummit  of  which  is  the  hole.  7  he  rays  which 
fjprm  this  pyramid  crofs  at  the  hole,  and  there  form 
another  pyramid,  of  which  the  hole  is  again  the 
fummit,  but  the  furfaceof  the  object  is  the  bafe. 

A n  oije&  is  vifible*  becaufe  all  its  feints  art 
rediant  points.  Rays  of  light  are  inccflTamly  propa- 
gated from  every  pk^ficalpoint  of  an  objeft,  other- 
wife  the  whole  oojeft  would  not  be  vifible-,  and 
that  all  at  once,  and  to  all  po  fit  ions  of  the  eye. 

For  wherefoevcr  a  fpe&ator  is  placed  witi* 
refpefi:  to  a  luminous  body,  every  point  of  that  jxm*^ 
pf  the  furface  which  is  turned  towards  hiip,  4s  yHw 
pie :  .epich  ppinf  is  therefore  a  radiant  poipf,  emit- 
ting ravs  in  all  dire&ions ;  ahd  thofe'  r^ys  oyihr  W? 
flopped  in  their  paflage  by  an  interpftfed  objc&» 
which  would  be  intercepted  upon  the  fuppoUtioa 
{hat  the  rays  move  in  right  lines.   • 

Another  inference  which  you  will  make,  is 
this, .  that  the  particles  of  light  are  indefinitely 
/mall ;  for  the'  rays  which  proceed  from  the  point? 
of  all  the  pbjefts  oppofite  to  the  hole,  pafs  through 
it,  without  confounding  or  embarafling  each  other, 
Jixqyjtiitely  minute  they  muft  be,  when  myriads  can 
move  all  manner  of  ways  without  impinging  one 
another;  and  that  this  is  the  cafe,  you  cannot  doubt, 
fince  different  bodies,  and  different  parts  of  the 
fame  body,  fire  diftin&ly  vifible  at  the  fame  time.  . 
j-jtoy  cyjpious  muft  be  the  texture  of  the  eye  to  be 
JTenfibJe  of  thefe  fmalj  impulfcs,  and  to  diftingutfh 
at  the  fame  time  thofe  from  ditferent  objeds! 

If  you  make  z  hole  with  a  pin  in  a  piece  of 

paper,  and  look  through  it,  you  fee  all  the  obje&s 

that  are  before  you,  be  they  ever  fo  many ;   now 

fince  thefe  objects;  and  each  point  of  thefe  objects 

4  become 
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become  vifible  by  means  of  the  rays  of  light  com* 
ing  from  thence  to  the  objedt,  you  may  form  fom£ 
idea  of  their  extreme  minutenefs.  If  a  common  tal- 
low candle  be  lighted,  and  fet  by  night  on  a  high 
tower,  it  may  be  feen  all  round  at  the  difbihee  of 
half  a  mile  from  the  tower :  wherefore  there  is  no 
place  within  a  fphere  of  a  mile  diameter  in  which 
the  eye  .can  be  placed,  where  it  will  not  receive 
fome  rays  from  this  fmali  flame.  Rays  of  light 
will  pafs  without  confufion  through  a  fmall  punc- 
ture in  a  piece  of  paper,  from  feveral  candles  in 
a  line  parallel  to  the  paper,  and  form  diftin<5t 
images  on  a  (beet  of  paftcboard  placed  behind  the 
paper. 

Every  ray  of  light  carries  with  it  the  image  of 
the  point  from  which  it  was  emitted.* 

If  therefore  all  the  rays  coming  from  any 
point  arc  united  in  the  fame  order  in  which  they 
proceeded,  or  were  emitted,  there  will  be  a  perfedt 
reprefentation  or  image  of  that  objedt,  at  the  place 
where  they  are  thus  orderly  united. 

Another  property  in  the  rays  of  light  is  their 
reflexibility,  or  difpofition  of  being  turned  back 
into  the  medium  from  whence  they  came;  and  in 
•this  they  obferve  the  fame  mechanical  laws  with 
other  bodies  in  their  reflexions,  that  is,  the  angle 
of  reflexion  is  always  equal  to  the  angle  of  incidence. 
The  truth  of  this  polition  may  be  confirmed  by 
many  experiments;  one  or  two  will  be  fufficient. 
Let  us  return  to  our  dark  room,  and  I  {hall,  by 
means  of  a  mirror  without,  let  a  beam  of  folar  light 
pafs  through  the  hole  upon  this  part  of  the  floor ; 
where  the  beam  falls  I  put  a  looking  glafs;  I  now 
fill  the  room  with  dull  to  render  the  beam  of  light 
{riore  vifible,  and  you  fee  that  it  i$  reflected  back 
into  the  air ;  and  that  the  inclination  of  the  re- 

flctfed 


*  De  la  Caille,  Lc;ons  d'Optiquc,  p.  24. 
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fle&ed  beam  is  exa&Iy  the  fame  as  that  of  the  i# 
cident  beam.  This  law  may  be  confirmed  by  an- 
other cafy  experiment,  which  I  will  {hew  you  m  the 
next  room.  Here  is  a  graduated  femicirclc,  at  the 
center  of  which  is  a  finall  piece  of  looking-glaf** 
1  place  a  (mall  objed  on  the  graduated  edge  of  the 
iemicircle,  and  on  the  oppoikc  quadrant  thereof, 
and  exa&ly  at  the  lame  angle,  I  place  the  fight, 
Now  if  either  of  you  look  through  the  fight,  you 
will  fee  the  objed ;  but  if  you  remove  the  fight- 
piece  a  little  higher  or  low,er,  you  will  not  per- 
ceive the  objed. 

Or  Refractio*. 

1  4f 

•  i 

There  is  another  property  of  light,  whichv  U 
it's  reframgibility,  or  difpofition  to  be  refra8ti>  or. 
turned  out  of  it's  ftrait  courfe,  in  parting  obliquity 
out  of  one  medium  into  another  of  different  denfiiyi 

This  tefraaion  is  greater  or  iefs,  that  is,  tnt 
rays  are  more  or  lefs  bent  and  turned  afide  from 
their  path,  as  the  medium  through  which  they  pafs 
is  more  or  lefs  denfe.  Thus,  for  inftance,  the  rays 
are  more  refracted  in  palling  from  air  into  glafs* 
than  from  air  into  water;  and  glafs  is  you  know 
much  more  denfe  than  water;  the  denfer  the  me- 
dium, the  more  the  rays  are  bent,  and  approach  a 
perpendicular  let  fall  upon  it's  furfacc.  1  would 
be  underftood  always  to  fpeak  of  the  rays  which 
fall  obliquely  upon  thefc  mediums ;  fpr  thofe  rays 
which  fall  perpendicularly  do  not  fuller  any  devia- 
tion, the  refraSion  only  taking  place  i#hen  the  rays 
fall  obliquely >  and  is  fo  much  greater  as  their  in- 
cidence is  more  oblique,  and  the  medium  more 
denfe.  After  having  taken  the  new  direction,  the 
ray  again  proceeds  invariably  in  a  ftrait  line,  fill  it 
meets  with  a  different  medium,  when  it  is  again 
turned  out  of  it's  courfe. 

Take 
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c  an  empty  bafonJ  and  at  the  diameter  of 
the  bottom  fix  marks  at  a  finall  dtftance  from  each 
other;  then  take  it  into  the  dark  room,  and  let  in  ft 
nyof  light;  and  where  this  falls  upon  the  ft 
place  your  baton,  fo  that  it's  marked  diameter  may 
tint  towards  the  window,  and  fo  that  the  beam 
may  fall  on  the  mark  mod  diftant  from  the  win- 
dow.    This  done,  fill  the  bafon  with  water,  and 
you  will  obferve  that  the  beam  which  before  fell 
upon  the  moft  diftant  mark,  will  now  by  the  re- 

vc  power  of  the  water  be  turned  out  of  it's 
ft  rait  couife,  and  will  fall  two  or  three,  or  more 
marks  nearer  the  center  of  the  bafon. 

Make  the  water  in  the  bafon  muddy,  but  not 
fo  much  fo  as  to  deftroy  it's  tranfparency,  which 
ycu  may  eafily  do,  by  dropping  therein  a  few*  drops 
of  milk,  or  difiblving  in  it  fome  grains  of  faccha- 
rum  faturni ;  then  fill  the  room  with  duft,  and  the 
beam  of  light  will  be  very  vifible,  both  in  it's 
?;ilTage  through  the  air  and  the  water,  and  you  will 
obferve  very  diftinftly  three  beams,  that  of  r 
deme,  which  in  coming  through  the  hole,  falls  ob- 
liquely on  the  water ;  that  of  reflexion  from  the 
furfacc  of  the  water,  making  the  angle  of  reflexion 
equal  to  that  of  incidence  ;  and  that  of  wfrafiion, 

h  from  the  furface  where  it  was  bent,  moves 
on  m  a  ftrait  line  to  the  bottom  of  the  bafon.  All 
things  remaining  the  fame,  place  a  fmall  piece  of 
louking-glafs  at  the  bottom  of  the  bafon,  where  the 
rtfratied  beam  falls,  and  it  w  ill  thereby  be  reflected 
again  through  the  water,  and  in  pafling  out 
of  the  water  into  the  air  will  be  again  refradted  or 
turned  out  of  it's  courfe. 

Another,  though  very  common  experiment, 
Will  give  you  a  clear  idea  ot  the  power  of  refraction; 
place  a  piece  of  money  at  the  bottom  of  this  bafon, 
and  walk  back  therefrom  till  you  cannot  fee  the 
piece  of  money ;  let  fome  water  be  poured  into  the 

bafon* 
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bafon  ;  and  as  before  you  could  not  fee  the  piece 
of  money  where  it  was,  you  will  now  fee  it  where 
it  is  not.  It  is  not  your  eye  that  has  changed  place; 
but  the  ray  of  light  has  taken  a  new  diredhon  in 
patting  from  the  water  into  the  eye,  and  ftrikes  your 
eye  as  if  it  came  from  the  piece  of  money.  This 
experiment  feldom  fails  to  furprife  thofe,  who  are 
unacquainted  with  the  properties  of  light ;  as  they 
do  not  comprehend  how  the  filling  the  veflel  with 
water  can  make  them  fee  an  objedt  placed  at  the 
bottom,  and  which  was  not  vihble  to  them  be- 
fore, being  concealed  by  the  edge  of  the  veffel. 

The  advantages  we  derive  from  the  refradion 
of  light  are  ineftimable :  without  this  property  we 
fhould  have  figured  glafies  in  vain,  and  telefcopes 
and  microfcopes  would  not  have  exifted.  The  re- 
fraction of  light  at  the  furfaces  of  tranfparcnt  bo- 
dies was  taken  notice  of  by  the  ancients.  Arifiotle 
has  a  problem  concerning  the  apparent  curvity  of 
an  oar  in  water.  And  Archimedes  is  faid  to  have 
written  on  the  appearance  of  a  ring  or  circle  un- 
der water.  Alhazen  the  Arabian,  and  Vitellio, 
thought  that  the  angles  of  incidence  and  rcfra&ion 
were  in  a  given  ratio ;  but  the  proportion  they  laid 
down  being  found  erroneous  in  large  angles,  the 
fubjevSt  was  examined  more  ftridtly  by  the  moderns. 
Kepler  among  the  reft  made  feveral  experiments 
concerning  it,  and  though  he  miffed  his  aim,  his 
attempts  and  conjectures  were  ufeful  to  others. 
After  the  invention  of  the  telefcope,  this  fubjed 
being  thought  more  valuable  than  before,  was  far- 
ther purfued;  and  Siiellius  found  out  the  truth: 
but  Defcartes  was  the  firft  who  publilhed,  that  the 
fines  of  incidence  and  refratlion  (and  not  their  an- 
gles) are  in  a  given  ratio. 

In  explaining  this  fubjcift,  as  well  as  in  other 
parts  of  optics,  1  muit  have  recourfe  to  diagrams, 

as 
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as  the  theory  will  require  all  your  attention;  but 
you  will  not,  I  hope,  permit  the  thorns  and  briars 
which  interrupt  the  path  of  fcience,  to  prevent 
your  proceeding  therein ;  for  whatever  is  good  can 
only  be  obtained  by  labour ;  and  fcience,  like  virtue, 
difdains  the  jlotbful  and  the  negligent. 

Let  B  C,  pi.  i ,  fig.  2,  reprefent  the  furfacc  of 
water,  or  any  other  tranfparent  medium  denfer  than 
air.  Let  A  be  the  point  of  incidence,  in  which  any 
ray  coming  through  the  air  from  F,  falls  upon  the 
furface  of  the  water,  where  it  is  refracted  from  it's 
ftrait  qourfe  A  K  in  the  line  A  G.  About  A  as  a 
center  with  the  radius  A  F  defcribe  the  circle 
BFCKE;  at  the  point  of  incidence  A,  eredt  a 
perpendicular  AD,  and  produce  it  downward  to 
E;  from  F  upon  the  line  A  D,  let  fall  the  perpen- 
dicular F  H,  and  from  G  upon  A  E,  let  fall  the 
perpendicular  G  I. 

The  angle  FAD,  which  the  incident  ray  FA 
makes  with  the  perpendicular  D  A,  is  the  angle  of 
incidence.  The  line  F  H  is  the  fine  of  the  angle  of 
incidence  FAD. 

The  angle  GAE,  which  the  refra&ed  ray 
G  A  makes  with  the  perpendicular  AE,  is  the  an- 
gle of  re/raff  ion.  The  line  G I  is  the  fine  of  the 
angle  of  refra&ion. 

The'angle  KAG  contained  between  the  line 
of  direction  of  an  incident  ray,  and  the  direction 
of  the  fame  ray  after  it  is  refracted,  is  the  angle  of 
deviation. 

Thefc  things  being  underftood,  I  may  now 
mention  to  you  the  laws  of  refraction,  which  have 
by  repeated  experiments  been  found  to  be  general 
and  without  any  exception. 

I .  The  angles  of  refrattion  and  incidence  lie  in 

toe  and  the  fame  plane \  that  is,  in  the  plane  drawn 

through  the  incident  ray,  and  the  perpendicular  at 

the  point  of  incidenc 

Vol.  II.  2.  The 
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ft.  91r  wgr*  tfUgbt  mre  ahvays  ref  railed 
they  pafs  obliquely  frnm  m  medium  into  ami 
wbofe  denfity  is  dijereutfrom  that  of  the  jirfi* 

3.  A  ray  of  light  f siting  obliquely  upon  ibtjuf' 
face  of  a  deafer  medium  is  refrailed  towards  \b 
perpendicular,  that  is,  fo  that  the  angle  of  nine 
tion  be  Ids  than  die  angle  of  incidence :  on  ito 
contrary,  the  refraBioumU  of  a  denfer  medium  int 
a  rarer \  as  out  tf  glafs  iuia  air  or  water,  is  made  ft 
ibe  perpendicular,  fo  that  the  angle  of  reflation 
greater  than  the  angle  of  incidence, 

*  4.  When  a  ray  of  light  is  refracted  qui  of  at; 
into  a  given  medium,  or  out  of  a  given  m 
into  air,  thenar  of  the  angle  of  incidence  is  to  i\ 
fine  of  the  angle  of  the  rejroBion  in  a  given  ratio 
in  other  words,  there  is  a  certain  and  immutabli 
law  or  rule  by  which  refra&ion  is  always  performed 
and  that  is  this :  whatever  inclination  a  ray  of  ligh 
has  to  the  furface  of  any  medium  before  it  entcn; 
the  degree  of  refradion  will  always  be  fiich,  thai 
the  proportion  between  the  fine  of  the  angle  of  it'i 
incidence,  and  that  of  the  angle  of  it's  refradion, 
will  always  be  the  fame  in  that  medium. 

Hence  if  that  proportion  be  known  in  any 
one  inclination  of  the  incident  rayt  ir  is  known  in 
all  inclinations,  and  thereby  the  refradion  in  all  I 
cafes  of  incidence  on  the  fame  refracting  ray  may 
be  determined. 

When  a  ray  of  light  is  refracted  out  of  air 
into  glafs,  the  line  of  incidence  is  to  the  fine  of 
refraction  as  31  is  to  20,  or  as  3  to  2  nearly  ;  or  out 
of  air  into  water,  as  4  to  3.  Hence  the  fine  of  in- 
cidence is  to  the  fine  of  refraction,  when  a  ray 
pafles  out  of  water  into  glafs,  as  |  to  yf,  or  as  93 
to  80. 

5.  A  ray  of  light  cannot  pafs  out  of  a  denfer  me- 
dium into  a  rarer,  if  the  angle  of  incidence  cxatds 

a  cert* 


In 
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i  certain  limit -,*  that  is,  when  the  fine  of  inci- 
dence has  a  greater  proportion  to  radius,  than 
it  has  to  the  fine  of  refradlion. 

A  ray  of  light  will  not  pafs  out  of  glafs  into 
air,  if  the  angle  of  incidence  exceeds  400  ii'j  the 
fine  of  which  is  t£  parts  of  the  radius ;  or  out  of 
glafs  into  water,  if  the  angle  of  incidence  exceeds 
about  590  20'.  Refra&ion  will  be  changed  into  re- 
flection. 

In  general,  the  denfeft  mediums  refill  the  a&ion 
of  light  lefs  than  thofe  that  are  more  rare,  the  angle 
of  refraftion  being  fmaller  than  that  of  incidence: 
and  on  the  other  hand,  the  rarcft  mediums  feem  to 
refill  it  lefs  :  and  it  has  been  laid  down  as  a  law, 
that  all  bodies  have  their  refractive  powers  propor- 
tional to  their  denfities,  excepting  fo  far  as  they 
partake  more  or  lefs  of  fulphureous  oily  particles. 
Mr.  BrifTon  has  fhewn,  in  the  memoirs  of  the  aca- 
demy of  fciences  for  1777,  that  the  refradtive 
power  of  inflammable  bodies  compared  together 
does  not  follow  the  ratio  of  their  denfities. 

6.  All  re/raff  ion  is  reciprocal.  If  a  ray  of  light 
is  refradtcd  in  pafling  out  of  one  medium  into  an- 
other; then,  if  that  ray  was  to  return  back  again, 
it  would  be  rcfra&cd  juft  as  much  the  contrary 
way :  or  if  the  refracted  ray  become  the  incident 
ray,  then  the  incident  ray  will  become  the  refra&ed 
one. 

When  the  angle  of  incidence  is  increafed,  the 
correfponding  angle  of  refraction  will  alfo  be  in- 
creafed. If  two  angles  of  incidence  be  equal  to 
each  other,  the  angles  of  rcfradion  will  be  alfo 
equal.  In  the  fame  manner,  if  the  one  be  dimi- 
nished, the  other  alfo  will  be  diminifhed;  fo  that  if 
M  2  one 

•  Thcfe  laws,  &  "  monrt rated  upon  the  principle,  that 

light  is  an  hoihogei  and  though  light  wi)1  a"»^ar  to 

be  compounded  o  ~  "•  principles  o                 *i. 

a-  9r<»  true  whei  one  fort. 
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one  of  thefe  angles  becomes  infinitely  fmall,  the 
other  becomes  fo  alfo. 

The  dircttion  of  a  ray  is  not  changed^  if  it  moves 
through  a  medium  terminated  by  two  furf aces  parallel 
to  each  other;  for  as  much  as  it  is  turned  towardi 
any  fide  at  it's  entrance,  fo  much  is  it  exaftly  turned 
the  other  way  as  it  goes  out  of  the  faid  medium. 

While  a  ray  moves  in  the  fame  uniform  me- 
dium, it  docs  not  change  it's  direction. 

Of  the  Force  and  Intensity  of  Light. 

/;/  a  free  medium  the  force  and  intenfity  of  light 
propagated  in  parallel  rays  is  always  the  fame. 

Tor  in  fuch  a  medium  there  is  nothing  to  im- 
pede it's  progrefs,  hinder  it's  action,  retard  it's 
velocity,  or  change  it's  dire&ion. 

///  a  free  medium  the  force  and  intenfity  of  the 
light,  which  is  propagated  by  rays  proceeding  from 
the  fame  pointy  are  in  an  inverfe  ratio  of  the  J quarts 
of  the  dijlancesfrom  this  point.  This  is  manifeft  from 
the  principles  of  geometry,  and  I  fliall  foon  render  : 
it  evident  to  you  by  experiment. 

It  fcarce,  however,  wants  any  experimental 
proof;  for  light  radiating  from  a  center,  it's  inten- 
lity  muft  decreafc,  as  all  rap  do  that  proceed  from 
a  center;  i.  e.  muft  ncceflarily  become  thinner  and 
thinner,  continually  fprcading  thcmfelve.;,  as  they 
pafs  along,  into  a  larger  fpace,  and  that  in  propor- 
tion to  the  fquares  of  their  diltances  from  the  body; 
that  is,  at  the  diftance  of  two  fpaccs,  they  are  four 
times  thinner,  or  lefs  intenfe,  than  they  are  at  one, 
and  fo  on,  becaule  they  fprcad  themfelves  in  a  two- 
fold manner,  upwards  and  downwards,and  tideways- 

If  the  light  which  Hows  from  a  point,  paffes 
through  a  fquarc  hole,  as  b  c  d  e,  jig.  3,  pi.  1,  be  re- 
ceived upon  a  plane  1J  C  D  E  placed  parallel  to  the 
plane  of  the  hole;  and  the  diftance  A  B  be  double 
of  A  b ;  then  the  length  and  breadth  of  the  ftudotf 
3  BD 
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BD  will  each  be  double  the  length  and  breadth  of 
the  plane  b  d,  and  treble  when  AB  is  treble  of  Ab, 
ind  fo  on  ;  as  you  may  cafily  prove  by  the  light  of  a 
candle  placed  at  A. 

Hence  luminous  bodies,  or  thofe  that  fhine 
vith  their  own  light,  are  vaftly  brighter  than  opake 
bodies  illuminated  by  them;  for  opake  bodies 
difperfe  the  light  falling  upon  them  in  all  manner 
of  ways  :  whence  fuppoiing  all  the  light  to  be  re- 
flected, the  quantity  received  by  the  eye  from  the 
opake  body,  compared  with  that  received  from 
the  luminous  body,  is  only  as  the  vifible  illuminated 
rurfacc  of  the  opake  body  to  the  furface  of  an 
iemifphcre,  whofe  radius  is  the  diftance  of  the 
>pake  body  from  the 'eye  ;  fuppoiing  the  breadth 
)f  the  pupil  to  be  the  fame  in  both  cafes,  and 
hat  the  fum  of  the  diftances  of  the  opake  body 
rom  the  eye,  and  from  the  luminous  body,  differs 
nfenfibly  from  the  direct  diftancc  of  the  luminous 
ody  from  the  eye. 

Hence  the  light  of  the  full  moon  at  a  mc- 
ium  is  about  300,000  times  fainter,  or  rarer, 
ran  the  fun's  Jight,  when  at  the  fame  height  above 
ic  horizon,  all  other  clrcumftanccs  being  the 
Mtne,,  as  will  appear  by  comparing  the  moon's  ap- 
arent  difk  to  the  furface  of  a  hemifpherc.  Whence 
:  i*  eafy  to  conceive,,  that  fince  wc  can  bear  the 
m*s  heat,  wje  cannot  be  fenlible  of  apy  from  the 
toonu 

**  Though  accurate  methods  may  be  ufed  for 
ivcftigatingthc  intenfity  of  the  moon's  light,  they 
re  too  abftrufe  for  our  Ledlures.  But  the  follow- 
ig  confideration  is  level  to  every  capacity:  when 
le  moon  is  vifible  in  the  day-time,  it's  light  is  fo 
early  equal  to  that  of  the  lighter  thin  clouds,  that 
is  with  difficulty  diftinguifhed  amongft  them. 
:*s  light  continues  the  fame  during  the  night;  but 
le  abfencc  of  the  fun  permitting  the  aperture  of 

M  3  the 
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the  pupil  of  the  eye  to  dilate  itfelf,  it  becomes 
more  confpicuous." 

cc  It  follows  therefore,  that  if  every  part  of 
the  fky  were  equally  luminous  with  the  moon's  dift, 
the  light  would  be  the  fame  as  if  in  the  day-time  it 
were  covered  with  the  above-mentioned  thin  cloud. 
This  day-light  is  confequently  in  proportion  to  thit 
of  the  moon,  as  the  whole  furface  of  the  vifiblc 
hemifpherc  is  to  the  furface  of  the  moon,  that  is, 
nearly  as  90,000  to  1."* 

We  do  not  know  any  medium  that  is  free,  or 
ferfrftly  tranfparent ;  even  the  air,  the  molt  nut 
and  tranfparent  we  are  acquainted  with,  is  full  of 
opake  particles  that  impede  the  light;  this  is  ma- 
nifeft  fiv:m  the  phenomenon  of  a  beam  of  light  let 
in  throi  gh  a  fmall  hole  in  a  room,  which  beam  is 
vifiblc  hke  a  luminous  cone  from  every  part  of  the 
room.  This  fhews,  that  the  whole  light  does  not  go 
forv.ard  in  it's  rectilinear  courfe,  but  that  at  every 
point  of  the  medium  through  which  it  pafleth,  fome 
part  of  it  is  reflected  every  way;  for  the  vifibility 
of  the  luminous  cone  is  caufed  by  this  reflection. 
The  greater  faint  nefs  of  the  fun  and  the  moon,  when 
near  the  horizon,  than  when  elevated  higher  up, 
ihews  alfo  that  their  light  is  more  obftrudted,  the 
trail  of  air  and  vapours  being  longer  in  one  cafe 
than  the  other.  The  lofs  of  light  in  paffing 
through  glafs  is  (till  greater. 

The  furface  alfo  of  bodies  both  tranfparent 
and  opake,  being  for  the  mod  part  uneven,  it  ne- 
ctriranly  follows,  that  abundance  of  light  is  dilli- 
patcd  even  by  bodies  the  moft  tranfparent,  fewne 
being  reflected,  fome  refracted  towards  different 
parts  by  their  uneven  furfaces,  whilrt  other  parts 
are  refracted  and  reflected  with  fome  uniformity. 
This  accounts  lor  a  perfon  feeing  through  water, 

and 

•  Nicholfjn'j  Inti&iu&ion  to  Natural  Philofophy,  vol.  i.  p,  166, 
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his  image  being  reflected  hy  it  at  the  fame  time; 

(hews  why,  in  the  dufk,  the  furniture  in  a  room 

be  feen  by  the  reflection  of  a  window  glafs, 

lft  objc&s  that  arc  without  arc  feen  through  it. 

The  quantity  of  light  contained  in  any  pencil 

ntinually  diniinilhed,  the  greater  the  diftance 

the  radiant ;  and  this  diminution  is  greater 

ft,  according  to  the  greater  or  lefs  degree  of 

ity  in  the  medium  through  which  it  paflcs* 

This  makes  it  impoffiblc  to  alllgn  exactly  the 

rent   proportions  of  the  denfity  of  light,  at 

rent  diftances   from  the   radiant;  but  in   all 

s,  the  decreafeof  the  denfity  of  light  is  greater 

the  fquares  of  the  faid  diftances.    And  this  is 

rcafon  why  objetts  appear  lefs  bright,  the  farther 

are  from  the  fpedator- 

If  none  of  the  rays  were  ftopt  in  their  pafiage, 
degree  of  brighftnefs  of  the  pifturc  of  an  ob- 
upon  the  retina,  would  be  the  fame  at  all 
nces  between  the  eye  and  the  objedt,  fuppofing 
aperture  of  the  pupil  of  the  eye  to  remain  the 
fame.  For  in  that  cafe  the  magnitude  of  the  pic- 
ture upon  the  retina,  and  the  denfity  of  light,  would 
increafc  or  decreafe  together  in  the  fame  propor- 
tion, viz.  reciprocally  as  the  fquare  of  the  diftances 
of  the  eye  from  the  object ;  and  therefore  the  den- 
tity  of  the  light  upon  the  retina  would  be  invari- 
able at  all  diftances.  For  example;  when  the  eye 
approaches  as  near  again  to  the  objedt,  the  picture 
Upon  the  retina  becomes  quadruple  3  and  the  quan- 
tity of  light  received  from  the  object  through  the 
fame  aperture  of  the  pupil  at  half  the  diftance  is 
alio  quadruple;  and  this  being  equally  fpread  over 
four  times  the  furface  of  the  retina,  the  light  is  juft 
as  denfe  as  before,  when  the  object  was  at  twice  the 
diftance. 

Luminous  bodies  fhining  in  the  dark,  as  a 
lamp  or  torcb>  &C.  emit  to  very  great  diftances* 
much  more  light  than  in  that  cafe  is  ncccflary  for 
•    M  4  vifion: 
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vifion  :  and  though  their  light  fuffers  a  continual 
diminution  by  the  heterogeneity  of  the  medium," 
the  farther  it  goes;  yet  there  being  ftill  more  lefr 
than  is  neccflary  for  vifion,  their  fplendor  is  not 
fcnfibly  incrcafed  or  diminifhed,  by  lefleningorin- 
creafing  their  diftances. 

Light  is  not  only  diverted  out  of  it'scourfcty 
reflection  from  the  bodies  it  meets  with,  butagrcat 
part  of  it  is  alfo  frequently  fuffocatcd,  or  as  itwerc 
deftroyed  by  them  ;  for  it  is  manifeft,  that  blackor 
dark  bodies  reflect  much  lefs  light  than  others  of 
lighter  colours ;  and  it  is  probable  that  no  bodies 
reflect  all  they  receive. 

The  power  of  the  eye  to  difcern  objedts  with 
out  inconvenience  by  different  quantities  of  light 
is  very  cxtcniive;  for  not  only  objedts  of  different 
colours  placed  in  the  fame  light  are  fecn  with  equal 
cafe,  but  even  objects  fo  fmall  as  the  letters  of  a 
book  may  be  diftinguilhed  and  read  by  a  clear 
moon-light.  Now  admitting  the  furface  of  the 
eye's  pupil  to  be  ten  times  greater  in  a  weak  than 
in  a  (trong  light,  yet  the  proportion  of  the  weakeft 
light  to  the  ftrongeft,  by  which  the  eye  can  cenvc- 
niently  fee  objedts,  perhaps  docs  not  exceed  that  of 
i  to  io,oco.     How  cxquilirc  are  our  faculties! 

Experience  fhews,  that  objects  appear  fo  much 
more  obfeure  as  they  arc  more  diftant,  and  at  laft 
ceafc  to  be  viiiblc:  this  obfeurity  arifes  from  the 
paflTagc  of  the  rays  of  light  through  the  air,  a  me- 
dium denfe  and  foul  enough  to  obiiruct  them  in  a 
verv  great  cU'grec,  and  diflipatc  a  prodigious  quan- 
tity in  the  interval  between  the  eye  and  the  object- 
The  experiments  and  calculation  of  M.  Bouguer 
fhew,  that  iooth  part  of  the  light  is  loft  at  189  fa- 
thoms of  horizontal  diilance  ;  that  7469  fathoms, cr 
about  3*  leagues,  difiipatcs  one  third  of  the  light; 
and  that  they  ceafc  at  laft  to  be  viiiblc,  bctaufr 
the   images  by  their  diminution  in  fizc  and  light 

arr 
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incapable  of  making  a  fuftkient  impreffion  on 

By   a    calculation    founded    on    experiment, 

Bouguer  has  fhewn,  that  of  10,000  rays,  that 

reeding  from  a  ftar  would  reach  our  eye,  if  it 

re  not  for  their  paffing  through  the  atmofphere, 

re  reach  it  no  more  than  are  fct  down  in   the 

following  table: 
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Mr.  Bouguer  has  alfo  fhewn  by  experiment* 
1.  That  the  light  of  the  fun  is  about  300,000  times 
ftrongcr  than  the  light  of  the  full  moon,  when  at 
it's  mean  di  fiance  from  the  earth. 

2.  That  the  light  of  the  fun  is  not  fenfiblc 
icn  it  is  dimimfhed  1000,000,000,000  times,  and 
courfe  that  a  body  is  truly  opake  when  it  per- 
ks only  1000,000,000,000  part  of  the  fun's  light 
pafs  through  it. 

Of  Images  and  Foci. 

On  account  of  the  extreme  minutenefs  of  the 
>ms  of  light  it  is  clear,  that  a  fingle  ray,  or  even 
a  fmall  number  of  rays,  cannot  make  a  lenilble  im- 
preffion on  the  organ  of  fight,  of  which  the  fibres 
very  coarfe  when  compared  to  the  rays  of  light, 

A  ^reat 
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A  great  number  of  rays  of  light  proceeding  from  the 
fame  point  or  portion  of  the  furface  of  the  body  ait 
neceffary  to  render  this  portion  vifiblc.  But  as  the 
rays  of  light  proceeding  from  the  fame  point  arc 
wider  from  each  other  the  farther  they  extend,  it 
has  been  neceffary  for  particular  purpofes  either 
to  bring  them  near  and  unite  them  together  in  a 
point,  or  to  feparate  them  from  each  other. 

We  are  able  by  the  afliftance  of  glaffes  to 
unite,  in  one  fenfible  point,  a  great  number  of 
rays  proceeding  from  the  fame  point  of  an  objeft; 
the  rays  thus  united  in  a  point  form  an  image  of 
that  point  of  the  object  from  which  they  proceed; 
this  image  is  brighter  in  proportion  as  there  are 
more  rays  united,  and  more  dijlinft  in  proportion 
as  the  order  in  which  they  proceed,  is  better 
preferved  in  their  union.  On  placing  a  polilhed 
and  white  plane  at  the  place  of  their  union,  you 
will  fee  this  image  painted  in  all  it's  proper  co- 
lours, if  no  adventitious  light  is  permitted  to 
difturb  or  render  it  confufed. 

The  point  of  union  of  the  rays  of  light  formed 
by  means  of  a  glafs  lens,  or  a  mirror,  is  called  the 
focus  of  this  glafs  or  mirror.  If  this  union  is  real* 
the  focus  is  called  a  real  focus,  or  (imply  focus :  it 
is  the  place  where  the  image  of  the  objedt  is  formed, 
and  proceeds  to  form  another  image  in  the  eye,  as 
if  it  were  the  real  object.  If  this  point  of  union 
is  nothing  more  than  a  point,  to  which  the  rays  in 
the  new  direction  which  has  been  given  to  them , 
tend,  but  are  not  aftually  united,  this  point  is 
called  an  imaginary  focus.  It  is  alfo  the  place 
where  the  objcll  appears  really  to  be,  when  feveral 
of  the  rays  which  have  been  difperfed,  enter  in 
fufficient  quantity  into  the  eye  to  form  a  fenfible 
image  of  the  object.  For  an  object  always  appears 
to  be  in  that  place  from  whence  it's  light  feems  to 
come  to  our  eye. 

Since  every  ray  carries  with  it  the  image  of 

4  the 
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tfceobjeft  from  whence  it  proceeds,  it  follows,  that 
if  the  rays,  after  having  crojfed  each  other,  and  hav- 
ing formed  an  image  at  their  interferon,  are  again 
united  after  either'  reflection  or  refraction,  they  will 
firm  a  new  image;  and  fo  on  for  ever,  as  long  as 
their  order  is  not  confounded.  We  may  thus  form 
images  of  the  fame  objeft,  as  often  as  we  can  unite 
the  proceeding  rays  without  confounding  them. 

//  follows,  that  fo  long  as  the  progrefs  only  of 
the  rays  of  light  are  attended  to,  the  image  may  le  con- 
fidered  as  the  objeft,  and  the  objeit  as  the  image  $  and 
tven  afecond  image,  as  if  the  firjl  had  been  the  ori- 
ginal object,  6?r. 

The  rays  of  light  may  be  differently  difpofed 
relatively  to  each  other,  and  may  be  confidered  at 
parallel,  diverging,  or  converging. 

The  rays  are  parallel  when  they  always  keep 
at  the  fame  diftance  from  each  other. 

Thofc  rays  which,  in  proceeding  from  a  ppint, 
continually  recede  from  each  other,  are  called  di- 
verging rays. 

Thofe  rays  are  named  converging,  which,  pro- 
ceeding from  various  parts,  approach  nearer  to 
each  other  in  their  progrefs,  having  a  tendency  to 
mite  in  one  point. 

When  two  mediums  touch  each  other,  their 
urfaces  muft  be  either  plane,  or  convex,  or  concave; 
tnd  the  rays  which  acting  together  pafs  through 
hefe  mediums, may  be  confidered  either  as  parallel, 
'onverging,  or  diverging.  We  will  examine  together 
he  effeds  -arifing  from  thefe  different  circum- 
lances.  -  In  fpeaking  of  convex  or  concave  fur- 
aces,  I  Ihall  only  confider  thofe  that  are  fpheri- 
ally  fuch. 

Of  Refraction  at  a  Plane  Surface. 

Cafe  1.  When  incident  parallel  rays  pafs  ob- 
iquely  from  a  rare  into  a  denfe  medium  terminated 
\y  a  plane  furf ace. 

To 
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To  perform  the  experiments  for  this  and  ma- 
ny  other  parts  of  optics,  I  ufe  that  part  of  the  folar 
microfcope  that  carries  the  mirror,  fixing  it,  as  in 
the  prefent  inftancc,  to  a  window  ftiutter;  on  dark- 
ening the  room,  I  can  throw  the  folar  rays  into  the 
room,  and  pafs  them  through  the  tube  belonging 
to  the  microfcope ;  I  can  render  them  parallel, 
convergent,  or  divergent,  according  to  the  lens 
1  adapt  thereto. 

The  lens  now  in  the  tube  makes  the  pencil 
proceeding  therefrom  cylindrical;  this  pencil,  bf 
turning  the  mirror,  falls  obliquely  on  the  fides  of 
this  box,  {fig.  5,  pi.  1,)  whofe  fides  are  of  glafs; 
each  end  has  a  circular  aperture  for  occafionally 
receiving  a  watch  glafs,  which  may  be  placed  either 
with  the  convex  or  concave  iidc  outwards ;  the  box 
is  made  water-tight,  and  is  furnifhed  with  a  cock 
for  more  cafily  emptying  it  of  water. 

The  ray  of  light  (at  A,  fig.  6,  pi.  1,)  entering 
the  box  filled  with  water,  is  refracted  to  B,  and 
forms  there  upon  this  card,  placed  againft  the  fide 
of  the  box,  a  luminous  circle,  exadly  the  famefize 
as  that  which  entered  the  box  (at  A):  on  removing 
the  card,  and  letting  the  ray  of  light  proceed  in  the 
air,  you  fee  that  it  goes  on  in  a  direction  exactly 
parallel  to  the  incident  ray,  being  of  the  fame 
iize  through  it's  whole  length. 

The  two  pencils  of  light  E  A,  E  A,  after  being 
by  refraction  bent  nearer  the  perpendiculars  pp, 
pp,  move  on  parallel  to  each  other;  and  on  being 
again  refracted,  and  feparating  from  the  perpendi- 
culars sp,  sp,  you  will  find  by  meafuring.thc 
diftance  between  them  that  they  {till  retain  their 
parallelifm. 

From  hence  it  follows,  that  incident  parallel 
rays  pafling  obliquely  from  air  into  a  mafs  of  water 
terminated  by  a  plane  furface,  preferve  their  paral- 
lelifm in  cntering,and  going  out  of  the  water.  The 
fame  is  true  of  other  mediums  which  diifer  in  den- 
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fity,  but  have  only  a  moderate  thicknefs,  as  in  our 
prefent  experiment. 

This  may  be  further  illuftrated  by  a  diagram, 
H-  4*  pi*  '  •  ^ct  A  B  C  D  be  a  folid  piece  of  glafs 
\  with  two  parallel  furfacc9  AB,  CD,  and  let  the  in- 
!  cident  ray  E  F  be  refradled  into  F  G;  then  will  F  G 
be  refracted  by  the  fecond  furface  into  G  H  parallel 
to  E  F,  or  in  the  fame  diredlion  as  E  F,  becaufe  the 
angle  at  F  is  equal  to  the  angle  of  incidence  at  G; 
and  therefore  the  angle  of  incidence  at  F  will  be 
qual  to  the  angle  of  rcfradion  at  G- 

Cafe  2.  When  converging  incident  rays  pafs 
from  a  rare  into  a  denfe  medium ,  and  from  this  again 
into  the  fame  rare  medium. 

For  this  experiment,  I  put  into  the  tube  a 
lens,  fomewhat  more  convex  than  that  we  ufed 
before ;  fo  that  the  pencil  of  light  that  i  flues  from 
the  tube  is  now  in  the  form  of  a  long  cone,  whofe 
bafc  is  the  lens. 

I  fill  the  box  with  water,  and  prefent  it  to- 
wards the  light,  fo  that  the  fide  A  B,  fig.  7,  plate 
i,  may  be  perpendicular  to  the  axis  of  the  cone, 
and  in  fuch  manner  that  the  point  or  extremity  of 
the  cone  may  reach  the  further  fide  B  C  of  the 
box. 

I  empty  the  box  of  it's  water,  and  the  cone 
of  light  becomes  fenfibly  fhorter,  terminating  as  at 
E.  By  bringing  the  box  nearer  the  window,  fo 
'  that  the  point  of  the  cone  may  pafs  beyond  the 
further  fide,  the  cone  is  no  longer  of  a  regular 
lhape,  but  as  it  appears  at  FG,  and  the  point  is 
removed  fomewhat  further  diftant. 

This  experiment  (hews,  that  the  rays  of  light 
do  not  converge  fo  foon  when  they  pafs  from  a  rare 
medium  into  one  more  denfe  ;  and  that,  on  the 
corttrary,  they  converge  fooner  than  they  would 
otherwife  do,  when  they  pafs  from  a  denfe  into  a 
rare  medium.  In  other  words,  when  converging 
jays  go  from  a  rare  into  a  denfe  medium,  they  be- 
come 


sintfcebftcf- 

ymnr,  I  mac  :ae  Sar  cc  Ac  box  AD,  Jf. 

in.  ^  -*iet  ancc*  sr  ±c  ccc-.  of  light,  fo  tbat 

it    3RT-    CfrSClXK   "•XT  t»  pCCTI  Ol.the   COOC  Gf 

>  \  rsr^  rr«r«  >s  2.  re  c  •crrc,  and  will  pro- 
cr^:  ,^ir  r^  5  J.  -^  "■•'■ —  ir;ciir  ^one  directly  op- 
5C\v-:    r.-   rfs   :c^r-    "- — -~£  -~rcc:  a  white  fcreen, 

the  further  fide 
v*  .x:  xv-  -  rrc*."..-:  :"  rrcu,  ar.d  rhen  fill  the 
av.\  *  „r  v^ri.-  :*i  -  *~  cr.  becomes  of  an  ir- 
T*vr~i.T  /--v*  -^  "^  -  ^  -%-  icreen  is  feme*  hat 
itcs^c  :^^^  ~:  *  *>  ^  -  .v,  ^.:  -:  is  not  fo  large  at 
<fe  \»  a* «:  *-*<  :x :,*.:v. 

rrore  iri^r  *  :  .-:>:.  lm:  diverging  rays  bc- 
c^ctx  U\$  ^rrjc.rc  ..1  piv;r^:  trcm  a  rare  into  a 
«ks^e  rxvi.uzv  <  *r si.  v-.r,  ;'r.c  contrary,  that  their 
oixxrjpawrc  ;>  :-i;rcjucvi  N  pi^ng  from  a  denfc 
*Mo  a  rare  nuu:<.r.:. 

^  1-ft  u$  cor.r.der  the  diagram,  fg.  18,  pL  1, 
j^h»  Kh,  divci^ng  rays  meeting  the  refracting 
fiuikee  LK,  do^not  proceed  directly  to  G  G,  but 

are 
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arc  refradted,  and  approach  the  perpendicular,  and 
go  towards  g  and  g,  and  are  thus  Iefs  divergent. 

On  the  contrary,  if  they  proceed  from  the 
denfe  medium,  they  are  refracted,  and  go  towards 
I  and  f,  which  render  them  more  diverging,  being 
twice  bent  at  h  and  g,  and  thus  forming  an  irre- 
gular cone. 

Hence  the  image  of  a  fmall  object  placed 
under  water,  is  one  fourth  nearer  to  the  furface  than 
the  objedi.  And  hence  the  bottom  of  a  pond  of 
water  is  \  deeper  than  it  appears  to  a  fpedtator 
above.  An  object  at  E,  jig.  18,  pi.  1,  would  ap- 
pear at  e.  This  may  ferve  as  a  uieful  caution  to 
thofe  among  you,  who  are  not  fwimmers,  and 
prevent  your  plunging  unwarily  out  of  your  depths. 

If  you  immerfe  a  ftick  perpendicularly  in 
water,  until  the  immerfed  part  appears  of  an  equal 
length  "with  the  part  above  ;  then  mcafure  the 
parts,  and  they  will  be  found  to  be  to  one  another 
about  as  4  to   j. 

Hence  alfo  a  fifh  appears  higher  than  it  really 
is,  and  the  markfman,  in  fhooting  at  it,  muft  make 
an  allowance  for  this  falfe  appearance,  or  he  will 
mifs  his  objedt. 

If  all  the  parts  of  an  object,  feen  at  fome 
depth  in  the  water,  were  equally  difplaccd  or 
altered,  the  image  thereof  would  be  exactly  fimi- 
lar  to  the  object  it  rcprefents  ;  for  the  figure  de- 
pends on  the  refpedtivepolition  of  the  parts,  which 
is  not  changed  by  a  motion  common  to  the  whole. 
But  this  is  not  the  cafe,  if  the  objedt  under  water 
be  of  any  conliderable  fize ;  for  thofe  rays  which 
cpme  from  the  extremities  that  are  molt  diftant 
from  the  eye,  fall  more  obliquely  on  the  furface 
of  the  air,  and  are  more  refradted,  and  approach 
too  near  the  refracting  furface  to  preferve  a  total 
conformity  of  the  image  with  it's  objedt.  Thus 
an  eye  at  K,  jig.  1  J;  pi.  1,  viewing  at  the  bottom 
-of  the  water  a  (trait  line,  gcdcg,  not  only  fees 

the 
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the  whole  line  nearer  to  the  eye  than  it  really  is, 
but   the   extremities  g  g  appear  nearer  than  the  t 
other  parts  d  c ;  thus  it  appears  curved  with  the 
part  towards  the  eye.     Thus  a  (trait  leaden  pipe    j 
appears  at  the  bottom  of  the  water  to  be  curved, 
and  the  bottom  of  a  flat  bafon  deeper  in  the  mid-    , 
die  than  at  the  fides. 

Very  thick  denfc  mediums  make  objeds  ap-  \ 
pear  larger  than  they  really  arc;  thus  a  fifh  appears  i 
larger  in  the  water  than  when  taken  out,  as  do  j 
plants,  ftones,  &c.  To  comprehend  this,  fuppofc  ] 
for  a  moment,  that  g9  g,fig.  iH>  pi*  1,  are  the  ex-  £ 
trcmitics  of  an  object  feen  at  the  bottom  of  the  m 
water,  by  the  1 -ays g /»,  g  b.  An  eye  placed  in K  j 
judges  of  the  fize  of  the  object  by  the  angle  GK  | 
G,  larger  than  that  of  gKg;  and  the  fame  hap-  i 
pens  with  refped  to  every  part  of,  the  object  ^ 
viewed  through  a  denier  medium  than  air.  $ 

Hence  it  is,  that  objects  in  a  different  me-   J 
dium  from  that   where  the  fpectator  is,  generally 
appear  lbmewhat  diitortcd. 

Or  RrrrvACTiON  at  a  Convex  Surface. 

i.  IV   "•  r. :;■.;.":"/  r*:rs  pr/s  c:it  cfd  rarer  into  a 

d'"'-       '■'  .V.'.  »?.'■•    ■>     **  -  :.:7'?t.2CC   IS  i"JK'Z"t'Xm 

Hefo:v  v.  c  proceed  to  make  any  experiments, 
or  reafon  1  -^^  th^m,  I  muft  obferve  to  you,  that 
Uik\n  draw  :\  from  the  ,\  'k:\t  of  a  fpherical  furface 
arc  alwa  >  co.miJcred,  by  mathematicians,  as  per- 
-  >t\::::i.\rmj  *o  thai  fjriace,  and  the  angles  they 
make  with  :hc  angles  of  incidence  are  the  angles 
of  inclination.  So  that  as  light  palling  into  a 
denier  medium,  is  lb  refracted  as  to  approach  the 
perpendicular,  or  line  drawn  from  the  center  of 
the  fpherical  furface  to  the  point  of  incidence;  fo 
in  wiivj;  from  a  denfe  into  a  rare  medium,  the  rays 
leiMUte  from  the  fame  fmiaee. 
1  I  placr 
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I  place  the  glafs  box  fo  that  the  pencil  of 
light  falls  direCtly  on  the  convex  glafs  at  the  end, 
lad  you  fee  that  as  foon  as  I  pour  water  into  the 
box,  the  rays  converge,  and  meet  in  a  point : 
b  that  parallel  rays,  in  this  cafe,  are  rendered 
convergent ;  a  circumftance  that  naturally  arifes 
from  the  laws  of  refraction,  fee  fig.  9,  pi.  1 ;  for 
be  parallel  rays  hi>fg>fig.  19,  pi.  1,  falling  ob- 
liquely on  the  convex  refracting  furface,  g>  E,  i, 
lie  bent  towards  the  perpendiculars  ic,  or  g  c, 
'thofe  lines  being  the  perpendiculars  to  the  points 
if  the  convex  furface,  on  which  the  two  given 
ajs  fall),  and  tend  to  unite  at  the  axis  A  B.  You 
nil  alfo  take  notice,  that  thofe  rays  which  are 
brtheft  from  the  axis  unite  at  points  neareft  the 
eftadting  furface  ;  thus  the  ray  h  i  falls  upon  the 
lis  at  k\  but  the  ray  de  does  not  meet  it,  till  it 
rrives  at  D ;  hence  all  thofe  which  are  not  too 
iftant  from  the  axis,  may  be  confidered  as  unit- 
ig  in  one  point. 

2.  When  converging  rays,  pqffing  out  of  a  rare 
vditim,  fall  upon  the  furface  of  a  denfer  medium 
nth  a  convex  furface. 

I  bring  the  box  as  before  with  the  convex 
lafs  towards  the  ray  of  light ;  but  in  fuch  man- 
cr,  that  the  converging  point  of  the  pencil  (hall 
II  exactly  on  the  center  A,  {fig.  10,  pi.  ij  of  con- 
aity.  I  pour  water  into  the  box,  and  you  find 
at  there  is  no  change  in  the  fituation  of  this 
)int,  becaufe  there  is  no  obliquity  of  incidence. 

Let  us  now  try  the  effedt  with  two  other 
>nes  of  light;  one  terminating  at  b,  fig.  n,  pi. 
nearer  the  convex  furface  than  it's  center ;"  the 
her  being  beyond  the  center  of  convexity  at  c, 
.  12,  pi.  1  :  mark  exaCtly  the  place  where  the 
ne  terminates  in  each  of  thefe  cafes,  when  there 
no  water  i~  ~u~  ^ox,  and  then  fill  it  with  water, 
A  obfervr  "'n  each  cafe.     You  will 
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find  t  ft  cone,  %.  i  t ,  (where  the  rays  tendcrf. 

to  unite  at  *,  Tjefore  they  reached  the  renter  of 
convexity)  lengthened,  and  the  point  thereof  ter- 
minating at  a  greater  diftanec  B;  but  the  cone,  jijj, 
12,  (where  the  rays  tend  to  unite  at  a  point  r,  be- 
yond the  center  of  the  convex  furface)  is  ihoitencJ, 
terminating  at  C 

Thefe  cxpcriinrnts  having  made  you  maftcn 
of  the  fad,  I  ifratl  now  confidcr  the  three 
In  a  diagram.  It  h  evident,,  that  if  cinverg* 
rays  fall  upon  a  com  in  face,  they  either  few; 
to  unite  at  the  center  of  the  convexity ;  or  sdfyi 
their  point  of  union  will  be  nearer  the  refracting 
furface  than  that  center  ;  01  jdly,  it  will  be  beyond 
that  center. 

In  the  firft  cafe,  th  rs  do  not  deviate:  thus 
the  rays,  r/,  d  b,  Jfe*  20,  pL  I,  converge  at  c, 
juft  as  they  would  have  done  without  the  interpo- 
fition  of  the  refracting  fubftance,  becaufe  they  do 
not  po  fiefs  the  property  necclTary  for  refra&ionj 
namely,  obliquity  of  incidence.  For  the  rays  i% 
d  ht  tending  to  c  the  center  of  the  furface,  mr, 
be  confidered  a*  radii  prolonged,  and  confequentl/ 
as  perpendicular  to  the  convex  furface. 

In  the  fecond  cafe,  where  the  rays  tend  to 
unite  nearer  the  furface  than  the  center  of  con- 
vexity, they  become  lefs  converging  ;  for  the  ray, 
1  AjSg;  20,*/,  r,  which  tends  to  k,  is  bent  by  the  re- 
fracting furface,  nearer  the  perpendicular  d  c,  and 
is  thus  removed  further  from  the  furface,  and  joins 
the  axis  at  o. 

In  the    third  cafe,  where   the    rays   tend  to 
unite  beyond  the  center  of  convexity,  they  become 
more  converging:  thus  the  ray,  gb,fig.  20, pl.t, 
tending  to  /,  further  from  the   convex  furface  bb 
fy  than  c,  by  approaching  the  perpendicular  dc, 
is  brought  nearer  the  center,  and  joins  the  axis  at 
*>,  where  it  would  be  met  by  another  ray,  falling 
upon  the  furface  with  the  fame  degree  of  obli- 
quity, 
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quity,  but  from  the  other  fide  of  the  axis.    This  is 
the  more  common  cf  the  three  cafes. 

3.  When  diverging  rays,  p tiffing  out  of  a  rare 
medium  >  fall  upon  a  denfe  one  ivitb  a  convex  fur- 
fate. 

To  fhew  what  happens  with  thefe  rays,  we 
fcave  only,  as  before,  to  place  the  box  fo  that  the 
diverging  rays  may  fall  upon  the  convex  furface, 
•nd  to  receive  the  light  upon  a  plane  furface  ill 
the  box,  and  to  mark  the  fize  of  the  luminous 
circle  formed  thereon,  before  we  pour  any  water 
into  the  box.  This  beimr  done,  I  fhall  now  fill 
&ur  box  with  water,  and  you  will  perceive,  that 
the  luminous  circle  is  confidcrably  fmaller  than, 
it  was  before,  fig.  i3,/>/.  1.  If  you  remove  the 
box  further  from  the  point,  from  which  the  di- 
verging rays  proceed,  the  bafe  of  the  luminous 
"one  will  ftill  grow  fmaller,  and  at  laft  become 
Cylindrical ;  and  if  you  go  on  removing  it  (till 
further,  they  will    converge  in  a  point. 

From  thefe  experiments  we  draw  the  following 
-onclufion,  That  diverging  rays,  in  parting  from  a 
rare  medium  into  a  denfer  with  a  convex  furface, 
become  lefs  divergent,  which  may  be  carried  fo  far, 
:hat  they  may  become  parallel,  and  even  conver- 
gent. 

The  diverging  rays  d  my  a  /,  fig.  21,  pi.  i, 
"neeting  with  the  refracting  furface  m  b  /,  do  not 
proceed  in  ftrait  lines  to  /and  e,  but  are  refradt- 
^d  towards  the  perpendiculars  e  C,  c  C,  which 
jives  them  the  directions  mg,lb,  much  lefs  di- 
vergent. 

If  the  rays  that  fall  on  the  refracting  furface* 
tf  dm%  ily  are  lefs  dherging  than  the  preceding, 
hey  will  be  refracted  fo  as  to  converge  at  B. 

Let  us  now'  fuppofc  the  rays  of  light  puffing 
Item  a  denfer  medium  into  a  rare  one>  the  denfe  me- 
Hum  being  terminated  by  a  convex  furface  on  the  fide 
/the  rare  medium. 
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lei  rays  arc  thereby  made  to  converge: 
thus  the  jjarallel  rays  d  eM  g  i3Jig.  12,  pL  2,  fallii 
on  the  refracting  furface,  e  it  inftead  of  proceed!) 
to  f  bt  are  bent  further  from  the  perpendicul; 
a  C,  b  C,  fo  as  to  converge  at  k* 

Converging  rays  become  more  converging: 
thus  the  rays  /  e ,  n  /,  which  would,  without  re- 
f  radii  on,  go  on  towards  m  and  0,  are  fo  refraded 
to  unite  at  p. 

If  the  rays  are  dive  ging,  the  point  frc 
which  they  diverge  is,  tft,  either  c,  the  center 
convexity  es  D,  ij  or  idly,  a  point  r,  between  ti 
center  and  the  convex  furface;  or  3dly,  a  poi 
q  beyond  that  center. 

In  the  flrft  cafe,  the  rays  C  a$  C  b$  are  not 
fradted,  becaufe  being  radii  they  fall  perpendicular 
to  the  convex  furface. 

In  the  fecond  cafe,  where  the  rays  r  r ,  r  i  pro- 
ceed from  rf  they  do  not  go  on  toward  s  and  /,  bu! 
are  refracted  further  from  the  perpendiculars  a  C 
b  C(  and  go  on  towards  x  and  j,  diverging  mon 
than  before. 

In  the  third  cafe,  the  diverging  rays  qe,  qi 
become  lefs  diverging,  and  inftead  of  proceeding 
towards  z  and  z,  they  get  clofer  together  toward 
g  and  b,  being  refradled  further  from  the  perpen 
diculars  aC,  b  C,  and  may  be  rendered  parallel,  o: 
even  convergent,  according  to  the  greater  or  lef 
degree  of  divergence,  when  they  arrive  at  th< 
furface  e  D  /. 

Of  Refraction  at  a  Concave  Surface. 

i  .  When  parallel  rays  of  light  pa/s  from  a  rar\ 
medium  into  a  denfe  one>  with  a  concave  furface. 

One  end  of  the  box,  fig.  5,  pi.  1,  is  furnifhec 
with  a  glafs  with  the  concave  furface  outwards  r 
is  now  to  be  presented  towards,  the  cones  of 
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[In  the  prefent  inftance,  let  parallel  rays  fall  on  the 
leave  furfacc.   Having  obferved  the  fize  of  the 
ninous  circle  formed  by  them  within  the  box, 
ill  the  box  with  water,  and  you  will  find  that  the 
'pencil  of  light  is  enlarged,  and  the  luminous  cir- 
;cie  is  much  increafed.     Sec  fig.  14,  pi.  1. 

That  parallel  rays  neceflarily  in  this  inftance 

become    diverging  ones,    may  be    alfo  rendered 

I  clear  by  a  diagram.     For  the  parallel  rays  a  b  and 

'**  fig*  *>  pl*  2>  falling   upon    the  concave   re- 

fnding  fuiface  e,  b,  b,  are  by  refra&ion  made  to 

ttpproach  the  perpendicular/C,  g  C,  which  renders 

f  them  diverging. 

2.  When  converging  rays  pafs  from  a  rare  me- 
Hum  intf  *  denfe  one,  terminated  with  a  concave  fur- 
face. 

We  proceed  as  in  the  foregoing  experi- 
ment, obferving  where  the  converging  rays  ter- 
minate, before  and  after  water  is  poured  into 
the  box,  and  that  with  different  degrees  of  con- 
vergency. 

You  fee,  however  great  the  convergency  of  the 
rays  may  be,  that  as  foon  as  the  water  is  put  into 
the  box,  the  cone  is  fenfibly  lengthened,  jig.  15, 
pi.  1.  With  a  lefs  degree  of  convergence  they 
are  fenfibly  feparated  from  each  other;  fo  that 
by  altering  the  degree  of  convergency  we  render 
them  either  parallel  or  diverging.  To  view  this  in  a 
diagram,  you  may  confider  the  rays  ab%  de,fig.  3, 
pi.  2,  tending  to  converge  at  O  ;  thefc  are  by  re- 
fraction made  to  approach  the  perpendiculars  /C 
and  gC,  and  thus  do  not  unite  till  they  come  to  /. 

3.  When  diverging  rays  pafs  from  a  rare  medium 
into  a  denfe  one,  terminated  by  a  concave  furf ace. 

Every  thing  being  difpofed  as  in  the  laft  ex- 
periment, remove  the  box  fo  that  the 'point  where 
the  rays  meet,  or  A  begin  to  diverge,  may 

*«U  upon  the  i  'e  glafs;  receive 
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the  bale  —  this  cone  on  a  plane  placed  at  about 

Seven  or         t  inches  from  the  glafs,  meafurc  the 

diameter,       d  fill  the  box  with  water. 

Rept      :he  experiment  with  the  concave  glaff 

nearer    Q      g,   ib3  pL   i,  and  afterwards  further 

from  it. 

In  the  ifft  cafe,  the  fize  of  the  circle  is  not 

cnlargH        r  the  cone  of  light  altered.     In  the  fe- 

cond-  fe  of  the  cone  is  Smaller  in  the  water 

than  n   v    air.    In  ^    third,  it  is  Somewhat 

enlar  16  ar        » gL  1. 

in  the  _  ifet  the  rays  undergo  nn  ulcera- 

tion, becaufc  they  have  no  obliquity  of  incidence 

for  C^  and  Cr,  fig.  4,  pl*2»  are  radii  of  the  con- 
cavity, and  continue  their  foul  to  /  and  gt  as  the/ 
would  have  done  without  the  interposition  of  a  re- 
fracting medium. 

In  the  Second,  they  become  lefs  divergent,  for 
the  two  diverging  rays  kb  and  kt\  in!V:ad  of  going 
to  4  and  h3  proceed  to  a  and  et  the  refra&ioft 
making    them  approach   the  perpendiculars  /  C, 

?c. 

In  the  third  cafe,  which  is  the  mod  general, 
the  rays  become  more  diverging;  for  /^and/c'i 
which  tend  towards  m  and  //,  are  turned  out  of  their 
way  towards  /  and  0,  by  approaching  the  perpen^ 
diculars/C  and  g  C,  and  thereby  become  more  di- 
verging than  they  were  before. 

Let  us  now  fuppofe  that  the  rays  of  light  pafs 
from  a  denfe  medium  into  a  rare  one,  and  that  the 
denSe  medium  is  terminated  on  the  emergent  fide 
"by  a  concave  furface. 

The  parallel  rays  become  divergent,  for  the 
parallel  rays  dey  %  /,  jig.  22,  pi.  1,  in  emerging  from 
the  concave  furface  eDi,  do  not  continue  their 
jout  in  (trait  lines  towards/and  hy  but  are  carried 
towards  in  and  p,  by  Separating  from  the  perpendi- 
culars Csij  C£,  which  renders  them  divergent. 

•  II 
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If  the  rays  are  converging,  they  may  be  divided 

^to  three  cafes.       I.  When  the  point  of  convcr- 

Rcy  tends  precifely  to  the  center  C,  of  the  con- 

vityeDi;  in  this  the  rays  ae,  bi,  do  not  fuffer 

ty  refradtion ;  becaufe  being  the  continuation  of 

L  J  radii  C  e,  C  /,  of  the  concavity  e  D  /,  there  is  no 

of  oblique  incidence. 

2.  When  the  rays  q  e%  r  /,  tend  to  converge  to 
ftc  point  n,  nearer  the  concave  furface  e  D  i  than 
*'<  center  C,  by  feparating  from  the  perpendicu- 
f *■*«  C^C /,  they  unite  at  o,  and  are  thus  rendered 
ore  converging. 
3.  When  they  tend  to  a  point  /,  which  is  fur- 
ther from  the  concave  furface  than  the  center  of 
curvature,  they  are  rendered  lefs  convergent.     For 
-the  raysfe,  t  /,  which  tend  naturally  to  converge  to 
the  point  /,  by  feparating  from  the 'perpendiculars 
Cr,  Cc,  unite  in  k,  further  off  than  they  would- 
have  done  without  refraction,  if  they  were  only  a 
little  converging;  on  arriving  at  the  concave  fur- 
face e  D  /,  the  refradlion  may  render  them  parallel  . 
or  diverging. 

The  diverging  rays  E^,   E/,  diverging  from 
the  point  E,  which  without  the  change  from  the 
medium  would  go  on  towards  //  and  x>  but  by  the 
refraction  feparating  from  the  perpendiculars  Ce 
f     C7,  they  are  turned  towards  y  and  z,  diverging 
J     more  than  before. 

w|  Of  Glass  Lenses. 

f 

t  By  a  lens  opticians  mean  a  tranfparent  body  of 

j      a  different  denfity  from  the  furrounding  medium, 
[      and  terminated  by  twp  furfaces,  cither  both  fphc- 
rical,  or  one  plane  and  the  other  fpherical.     And 
as  the  lenfes  for  optical  ufes  are  generally  made  of 
glafs,  it  is  ufual  to  call  them  g/aff'es,  with  the  addi- 
tion of  the  ufe  they  arc  intended  for  ;  as  a  magm- 

N  4  fying 
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fy*ng  gWs*  a  fpeSacle  glafs,  an  objeEl  or  eyegUfA 
of a  telefcope,  &c. 

Glafs  was  probably  the  invention  of  fomc  I 
manufacturer,  having  nothing  elfe  in  view  bot4 
raifing  a  fortune  by  his  new  manufacture :  but  fromJ 
hence  we  are  fupplied  with  telefcopet,  micro- ^ 
fcopes,  and  prifms,  which  let  us  into  fecrtfaofj 
nature  unfufpedted  before,  open  to  us  the  immet*j 
furable  grandeur  of  the  univerfe,  and  bring  as  ac- 
quainted with  animals  to  whom  a  fpoonful  of  vi- 
negar ferves  for  a  habitable  world ;  thereby  raifing 
our  idea  of  the  Author  of  nature,  by  difplaying  the 
magnificence  and  wonders  of  his  works.  From 
hence  likewife  has  proceeded  gradually  a  more 
exalt  knowledge  of  the  laws  of  attra&ion,  the  ve- 
locity of  light,  the  exiftence  of  ether,  and  the  ex- 
treme rarity  of  bodies.  Thus  the  unlearned  are 
often  made  to  lend  a  helping  hand  to  the  contem- 
plative in  the  pfofecution  ot  his  fcience;  and  the 
man  of  this  world  inftrumentai  in  opening  a  larger 
field  to  our  theology.  Inventions  are  often  termed 
accidental, znd  fo  indeed  they  are  with  refpc&  tous; 
but  accidents  arife  from  certain  caufes  which  pro- 
duce them,  when  it  is  proper  they  fliould  be  mani- 
fefted,  and  arc  therefore  to  be  referred  to  the  dij- 
pofer  of  all  events. 

A  lens  having  one  fide  plane  and  the  other 
convex,  is  called  a  plano-convex  ;  where  one  fide  i; 
plane  and  the  other  concave,  it  is  a  plano-concave. 
A  lens  terminated  by  two  convex  fides,  is  called  a 
double  convex :  a  double  concave^  if  terminated  by 
two  concave  fides.  A  lens  having  one  fide  con-. 
cave,  the  other  convex,  is  called  a  concavo-convex 
lens.     See  fig.  9,  pi.  2. 

From  thefe  definitions  you  will  readily  con- 
ceive, that  there  may  be  an  infinite  variety  in  the 
degrees  of  convexity  and  concavity  ;  for  a  convex 
fuf  face  may  be  confidered  as  forming  part  of  4  • 
2  fpherej 


ft 
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fphcrc ;  and  as  the  radius  or  diameter  of  this  fpherc 

is  greater  or  lefs,  the  convexity  will  be  different. 

Hence  when  I  fay  that  the  radius  of  the  con- 

\:  furfacc  of  a  glafs  is  three  inches,  I  mean  that 

Is  the  portion  of  a  fphere  whofc  radius  is  three 

hes.     To  render  this  fubjeit  clearer,  here  are  a 

-iety  of  lenfes  of  different  convexities  ;  from  thefe 

j  fee,   that  the  fniallcr  the  radius  is,  the  more 

rhefurface  is  curved,  or  the  greater  is  it's  deviation 

from  a  ftrait  line.      On   the  contrary,   the  longer 

the  radius  the  more  it  approaches  to  a  plane;  fo 

that  a  plane  furface  may  be  coniidcred  as  a  convex 

furfacc  of  an  infinite  radius. 

To  explain  the  effedt  produced  in  the  appear- 
ance of  objects,  by  convex  and  concave  lenfes, 
muft  diftinguifh  two  cafes  :  i.  Where  the 
edt  is  at  a  confiderable  di fiance  from  the 
2*  Where  the  object  is  near  the  lens.  Be- 
fore, however,  I  enter  upon  this  explanation,  it  will 
be  neceffary  to  define  what  is  meant  by  the  axis 
§/  a  lens.  A  ftrait  line  drawn  perpendicular  to 
both  the  fides  of  any  lens  is  called  the  axis  there- 
of;* the  axis  therefore  paffes  through  the  center 
of  the  fpherical  fides ;  and  as  we  reprefent  the  two 
furfaccs  by  arches  of  a  circle,  you  have  only  to 
draw  a  line  through  their  rcfpeCtivc  centers,  and 
it  Mill  reprefent  the  axis  of  the  lens.  Thus  the 
center  of  the  arch  AEB,  fig.  23,  pi  2,  is  at  C, 
that  of  A  FB  at  D,  and  the  line  C  D  is  the  axis  of 
this  lens;  it  is  Tafy  to  {ce  that  the  axis  pafTes 
through  the  middle,  and  that  no  lens  excepting  a 
fphere  can  have  more  thanonc  axis/becaufe  no  other 
line   can  pafs  through  the  two  centers  C,  D;  and 

tforc  all  pencils  are  conlidered  as  oblique,  ex- 
ting  thofe  whofc  fop  arc  ip  thea*xis  of  the  lens. 
As 
If  one  tf  the  furfaces  he  plane,  the  axis  of  ihe  lens  F<ilb 
perpendicular  upon  ihe  plane  furfoce,  apd  proceeds  through  the 
fcnicr  of  ihe  fpherical  prir, 
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As  the  axis  is  perpendicular  to  the  two  fur- 
faces,  it  is  plain  from  the  nature  of  refraction, 
that  a  ray  of  light  palling  in  this  direction  is  not 
refracted,  but  goes  on  in  the  fame  direction  in 
which  it  entered. 

No  ray  that    pafTcs   through    the  center  0, 
jSjj.  aj|  pi.  I j  of  a  lens  is  refracted  ;  for  the  two 
tangents  at  Eand  F  are  parallel,  and  the  cR' 
therefore  the  finie  as  if  the  ray  paflcd  through* 
piece  of  glafs  whole  fides  arc  parallel, 

1  I'tall  now  proceed  to  confider  the  nature  of 
double  convex  Ichfes.  It  is  the  property  of  thelc 
to  make  parallel  rays  converge  to  a  focus;  to  in- 
creale  the  convergence  of  converging  rays;  to 
diminifh  the  divergence  of  diverging  rays,  and  that 
fO  much  tinder  certain  ureumitances  as  to  render 
them  parallel  or  convergent. 

Let  us  conlider  A  B,  Jig.  24,  /»/.  1,  as  a  con- 
vex lens,  whofe  axis  is  the  line  OEFP;  and  let 
its  fuppofc  that  on  this  axis,  and  at  a  great  diltancc 
from  the  glafs  there  is  a  luminous  point  or  objeft 
O  di tfu(mg  it's  rays  in  all  directions;  fonie  of 
thefe,  as  OM,  O  E,  and  O  N,  will  fall  upon  the 
glafs,  the  middle  one  OE  will  not  be  refraded, 
bur  pafs  on  in  the  direction  E  F  P.  The  two  other 
rays  will  be  refracted  and  bent  both  at  entering 
and  going  out,  fo  as  to  meet  at  J  fomewhere  on  the 
axis,  and  then  go  on  in  the  direction  J  Q  and  J  R: 
the  other  rays  between  M  and  N,  will  be  fo  re- 
fracted as  to  unite  on  the  axis  at  the  fame  point  J. 
Thus  the  rays  O  M  and  O  N,  and  thofe  between 
them,  which  without  the  interpolition  of  the  glafs 
would  have  followed  their  refpective  rectilinear  di- 
rections, arc  to  bent  thereby  as  to  follow  other  di- 
rceiions,  and  proceed  a>  if  they  came  from  the 
]>oint  J  ;  and  an  eve  placed  at  P  would  be  affected 
m  the  lime  manner  as  if  the  luminous  point  was 
ar  J  J  l'u%  i^lals  A  li  forming  an  object  at  J,  exa&ly 

reprefenting 
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rcprcfenting  the  object  at  0.     Thus  a  confiderable 
,  change  is  produced  by  the  lens  ;  a  diftant  objedt, 
as  0,  is  as  it  were  tranfplantcd  and  brought  fuddenly 
to  J. 

Let  us  now  confider  the  effect  produced  on 
the  rays  of  light,  when  the  objed  is  very  diftant 
from  the  lens.     In  fig-  13,  />/.  2,  MN  reprefents 
a  convex  lens,  OABTS  the  axis  of  the  lens,  O  P 
a  diftant  objeft  fituated  on  the  axis;  every  point  of 
this  objed:  diffufes  rays  in  all  directions ;  of  thefe 
we  are  only  concerned  with  thofe  that  fall  upon 
the  lens  ;  and  to  render  the  fubjedt  clearer,  I  fhall 
only  confider   three   rays  OA,  OM,  ON,  pro- 
ceeding from  the  point  O;  of  thefe  the  firft  O  A 
parting  through  the  middle  of  the  lens,  it's  direc- 
tion is  not  altered,  but  continues  after  it  has  patted 
through  to  go  on  in  the  line  B  TS,  the  axis  of  the 
glafs.     But  the  other  two,  O  M,  O  N,   are  fo  re- 
fradted  both  at  entering  and  quitting  the  lens,  that 
they  unite  it  T  on  the  axis,  from   whence  they 
again  proceed  in  the  directions  M T  Q,  NT R,  fo 
that  if  an  eye  were  to  meet  with  them,  they  would 
produce  the  fame  effect  thereon  as  if  the  objeft  O 
had  been  fituated  at  T.     To  diftinguifh,  however, 
the   true  point  O  from  the  point  T,  the  firft  is 
called  the  objeft,  the  other  the  image  of  that  objedt, ' 
which  image  in  it's  turn  becomes  alfo  an  objedh 
When  the  obje<5t  is  at  a  confiderable  diftance,  the 
point  T  is  confidered  as  the  focus  of  the  glafs.  The 
following  remarks  on  this  point  arc  neceflary  to  be 
confidered  with  attention. 

1.  When  the  point  O,  or  the  objeel,  is  at  an 
infinite  diftance,  the  rays  O  M,  O  A,  O  N,  may  be 
confidered  as  parallel  to  each  other,  and  to  the  axis 
of  the  lens. 

2.  The  focal  point  T,  is  a  point  behind  the 
glafs,  where  parallel  rays  falling  upon  that  glafs 
are  united  by  the  refractive  power  of  the  lens. 

3.  The 
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3.  1  te  focus  of  a  lens,  and  the  place  where 
the  image  of  an  obje«it  fituated  in  the  axis  of  the 
lens,  but  at  an  infinite  diftance  from  the  lens,  is 
reprefented,  arc  the  fame  thing* 

4.  The  diftance  of  the  point  T  from  the 
lens  is  termed  the  focal  dijlancf* 

5-  Every  convex  lens  has  a  particular  focus; 
in  fome  it  is  greater,  in  others  lefs,  which  is  eaiily 
found  by  ejcpofing  the  glaft  to  the  fun,  and  obferv- 
ing  where  the  rays  unite. 

6*  Thofe  lenfes  which  are  formed  by  the  arcs 
of  fmall  circles,  have  their  foci  very  clofe  to  them, 
and  the  focal  point  is  further  off  in  proportion  aA 
the  furface  or  fides  of  the  lens  is  formed  by  arcs  of 
a  longer  radius. 

7.  In  order  to  form  a  proper  idea  of  the  op- 
tical effect  of  any  lens,  it  is  nccefikry  to  know  it's 
focal  diftance, 

8.  When  parallel  rays  A  B,  CD,  pL  3,  fig,  4, 
fall  upon  a  plano-convex  kna  DcR,  and  pafs 
through  it,  they  will  be  fo  refradted,  as  to  unite 
at  a  point  V  behind  it;  this  point  is  called  the 
principal  focus,  and  it's  diftance  Fe  from  the  middle 
of  the  glafs  it's  focal  diftance,  which  is  equal  to 
tzvice  the  radius,  or  the  diameter  of  the  fphere's 
c6nvexitv. 

9.  When  parallel  rays  AB,  CD,  fig.  5,  pi.  3, 
fall  upon  a  glafs  D  e  B  equally  convex  on  both  fides, 
and  pafs  through  it,  they  will  be  fo  refracted  as  to 
unite  in  a  point  cr  principal  focus  F,  whofe  diftance 
is  equal  to  the  radius  or  femidiameter  of  the  fpherc 
of  the  glafs's  convexity. 

The  rays  all  crofs  the  middle  ray  de  in  the 
focus  F,  and  then  diverge  from  it  to  the  contrary 
fides,  in  the  fame  manner  as  they  converged  in 
coming  thereto.     Sec  fig.  4  and  5,  pi.  3. 

It  another  double  convex  lens  hg,y/*f.  5,  pi.  3, 
be  placed  in  the  rays  at  the  fame  diftance  from  the 

focus, 
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focus,  they  will  be  fo  refracted  thereby  as  to  pro- 
ceed from  it  in  a  parallel  direction,  as  at  bh,  ge, 
going  on  in  the  fame  manner  as  when  they  fell  upon 
the  firft  glafs  ;  but  on  contrary  fides  of  the  middle 
ray  De  Fff,  for  the  ray  ABF  will  go  on  in  the 
direction  F  h  b,  and  the  ray  CDF  in  the  dire&ion 
Fge,  and  fo  of  the  reft. 

To  render  the  progrefs  of  the  rays  from  an 
objedt  through  a  lens,  to  the  image  behind,  more 
evident,  I  have  conftrudted  a  model  in  which  the 
rays  are  rcprefented  by  filk  firings ;  that  it  may  be 
more  clear,  the  rays  iffue  on  from  three  points,  and 
only  three  rays  from  each  of  thefc  points. 

In  fig.  9,  pi.  4,  we  have  a  figure  of  this  model. 
A  B  C  is  the  objedt  placed  fomewhat  beyond  the" 
focus  of  the  convex  lens  d  e  f.  The  rays  A  d,  Ae9 
A/9  flowing  from  the  point  A,  are  refilled  into  the* 
directions  da,  e  a,  fa,  meeting  in  the  point  a.  The 
rays  B  d,  B  e,  B/,  proceeding  from  B,  pafs  through 
the  glais,  and  are  fo  refradted  as  to  unite  at  b.  In  the 
fame  manner  thofe  that  flow  from  the  point  c,  are 
conveyed  and  meet  at  c ;  at  each  of  the  points  a,  b% 
c,  an  image  is  formed  of  the  refpedtive  points  A, 
B,  C.  The  fame  takes  place  with  all  the  other  in- 
termediate points,  by  which  means  a  perfect  image 
of  the  objedt  is  formed. 

•  I  have  already  obferved  to  you,  that  an  objedl 
at  an  infinite  diftance  has  it's  image  formed  at  the 
focus  of  a  convex  lens,  provided  the  object  be  fitu- 
ated  on  the  axis  of  the  lens.  I  (hall  now  proceed 
to  confider  nearer  objects,  but  fiill  fituated  in  the 
axis ;  and  you  will  find  the  nearer  the  objedt  ap- 
proaches the  glafs,  the  further  the  image  is  removed 
therefrom. . 

Thus  let  us  fuppofe  that  F,  fig.  11,  pi.  2,  be 
the  focus  of  the  lens  MM,  or  place  where  the 
image  of  a  diftant  objedt  is  represented.  If  the 
objeit  be  brought  fucceflively  to  P,  Q,  and  R,  the 

image 
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be  fucccfTively  removed  further  froift 
p,  q,  and  r;  the  diftance  b  r,  &c,  of  the 
ys  correfponding  to  that  of  the  object 
Mathematicians  have  rules  for  caleu- 
:  distances,  which  would  lea^l  u:  too  far 
rkacics  of  the  fcience  ;  it  will  be  there- 
nt  to  obferve  in  genera],  that  ,the  more 
b  the  diftance  of  an  objedt  from  the 
nore   that   of  the  image   is    inereafed, 

be 
ah 
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into  th*'  i 

fore  f\ 

wc  dimi 

lens, 

which 

fuppofi 

object  is  at  an  *.,»     uu  . 

precifdy  at  fix  iiu.hcs  j 

proaches  the  lens,   the  d 

mcreafe,  as  in  the  following  table : 


uiner  by  an  example, 

focus  i  that  is,  if  the 

i  cc,  the  focus  will  be 

L  when  the  objc&  ap- 

rice  of  the  image  will 


DiJIaucc  of  the  otjefl* 
Infinite 

42 

18 

*5 
12 

10 

9 

8 


Di fiance  of  the  image* 

6  inches 

7 
8 

9 

10 

12 

'5 
18 

24 

42 

Infinite. 


Although  thefe  numbers  only  agree  with  a 
lens  of  6  inches  focus,  yet  we  may  deduce  the  fol- 
lowing confcqucnces  from  them : 

1.  If  the  objed:  be  at  an  infinite  diftance,  the 
image  will  be  at  the  focus. 

2.  If  the  objeel  beat  double  the  diftance  of 
the  focus  from  the  glafs,  the  image  will  alfo  be  at 
double  the  diftance  of  the  focus  from  the  glafs  ;  thus 
in  the  foregoing  example,  when  the  objeel  was  at 
twice  6  or  12,  the  image  was  alfo  at  r2  inches. 

3.  When  the  objed  is  at  the  fame  diftance 

from 
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from  the  glafs  as  the  focus,  the  image  is  removed 
to  an  infinite  diftance  on  the  oppolite  fide. 

4.  In  general  the  diftance  of  the  obje<9:  and 
the  image  correfpond  reciprocally  to  each  other; 
fo  that  if  the  objedt  be  placed  where  the  image 
was  fituated,  the  image  will  be  found  where  the 
object  was  before  placed. 

5.  If  the  lens  AB  collcdt  in  J,  fig.  24,  pi.  r, 
the  rays  which  emane  from  the  point  O,  it  will 
alfo  colledl  the  rays  from  the  point  J,  and  confe- 
quently  the  rays  may  be  returned  back  in  the 
dire&ion  in  which  they  proceeded.  This  article  is 
of  confidcrable  importance  towards  a  thorough 
knowledge  of  the  nature  of  lenfes ;  thus  for  example, 
when  I  know  that  a  lens  has  reprefented,  at  eight 
inches  from  it,  the  image  of  an  object  which  is  at 
24  inches  on  the  oppolite  fide,  I  may  conclude,  that 
if  the  objedt  be  at  eight  inches,  the  image  will  be 
at  24. 

When  the  objedl  is  fituated  at  the  focal  dif- 
tance from  the  glafs,  the  image  is  fuddenly  re- 
moved to  an  infinite  diftance  therefrom. 

You  inquire  of  me,  what  then  becomes  of  the 
image,  when  the  objed  is  within  the  focal  diftance? 
can  it  be  removed  to  a  diftance  greater  than  infi- 
nite? this  is  impoflible.  The  queftion,  though  not 
eafily  refolvable  by  metaphyfics,  does  not  embarrafs 
a  mathematician  ;  for  he  proves  that  the  image  in 
this  cafe  pafles  to  the  other  fide  of  the  glafs,  and  is 
found  of  the  fame  fide  with  the  objedt. 

In  every  rcprefentation  formed  by  lenfes,  there 
are  two  circumftanccs  to  attend  to,  one  concerning 
the  place  where  the  image  is  formed,  the  other  the 
fize  of  the  image.  Having  explained  the  firft, 
I  now  proceed  to  confider  the  fecond.  Let  O  P, 
fig.  14,  pi.  2,  be  an  object  fituated  on  the  axis  of 
the  convex  lens  MN;  find  firft  the  point  I,  where 
the  rays  proceeding  from  O,  meet  the  axis ;  this 
done,  we  have  ro  find  where  the  other  point  P  will 
>c  reprefented.  To 
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_  _  )  this,  confidcr  the  rays  P  M,  P  A,  PN, 
which  cceding  from  P  fall  on  the  lens,  and  you 
fee  th^u  e  direction  of  the  ray  PA  is  not  altered, 
becaufe  falls  upon  the  middle  of  the  glafs,  but 
continue  to  proceed  in  the  lineAKS;  it  will 
therefore  >e  fomewherc  in  this  line,  as  at  K,  that 
the  i  ,  M,  PN,  will  meet,  and  K  will  be  the 
image  he  other  end  of  the  objetft,  the  point  K 
being  rmined  by  the  place  w  here  a  perpendicu- 
lar to j  [.  ts  tl  line  PS,  and  I  K  will 
be  the  image  he  eel:,  t  is  evident  from  this, 
that  the  image  is  inverted ;  fo  that  if  Q  R  was  hori- 
zontal, and  the  objecVOP  a  man,  in  the  image 
the  feet  would  be  upwards  and  the  head  down- 
wards.    It  is  alfo  clear, 

i.  That  the  image  is  always  fmall  in  propor- 
tion as  it  is  nearer  the' lens,  and  larger  the  further 
it  is  removed  therefrom.  1  hus  O  P,  Jig.,  1 5,  pL  2, 
being  the  object,  and  MM  the  lens,  the  image 
will  be  fmaller  if  formed  at  Q,  than  if  it  were 
formed  at  R,  S,  or  T;  that  is,  the  image  is  larger 
the  further  it  is  from  the  lens. 

2.  There  is  a  cafe  where  the  image  is  precifely 
at  the  fame  diftance  from  the  lens  as  the  objed, 
which  is  when  the  objed  is  placed  at  twice  the  fo- 
cal diftance  from  the  lens. 

3.  When  the  image  is  twice  as  far  from  the 
glafs  as  the  objed,  it  becomes  double  the  fize  of 
the  objed,  and  in  general  the  image  is  fo  many 
times  larger  than  the  objed,  as  it  exceeds  it  in 
diftance  from  the  lens:  now  the  nearer  the  objeft 
is  to  the  glafs,  the  more  the  image  is  removed  from 
it,  and  is  confequently  fo  much  larger. 

4.  On  the  contrary,  fo  much  as  the  image  is 
nearer  to  the  glafs  than  the  objed,  it  is  fo  many 
times  fmaller  than  the  objed.  If  then  the  diftance 
of  the  image  from  the  glafs  was  1000  times  lefs 
than  that  of  the  objed,  it  would  alfo  be  1000 
times  fmaller. 

Of 
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Of  Burning-Glasses. 

The  fun,  as  we  all  experience,  is  the  caufc  of 
t  ait  the  furface  of  the  earth  ;  it's  effedts  are 
ft  violent  in  thofe  regions  where  it's  rays  faltf 
h  the  leaft  6bliquity,  for  they  arrive  there  with 
ater  force,  and  in  a  greater  quantity.  Winds 
et  and  deftxoy  etfch  other's  forces,  but  the  rays  of 
fun  travel  onward  without  impeding  each  other 
their  progrefs. 

All  fubftances  feel  th6  influences  of  the  folar 
rs,  not  only  in  proportion  as  they  ftfike  againft 
;m  fnofe  or  lefs  diredly,  but  according  alfo  as 
ty  are  fitted  for  their  reception.  For  the  rays, 
Migh  they  continue  evef  to  operate,  are  retrained 
«n  acfting  too  fiercely,  by  the  nature  and  difpo- 
ion  of  the  bodies  on  which  they  fall,  and  their 
rn  equable  diffufion.  To  give  the  rays  greater 
wer,  they  muft  be  collected  by  art ;  and  when 
iir  a&ion  is  concentrated,  they  confume  or 
ange  all  bodies  with  inexpreffible  force. 

One  of  the  firft  ufes  to  which  convex  lenfes 
ire  applied,  was  that  of  colle&ing  the  rays  of 
j  Amy  in  order  to  let  wood  or  other  combuftiblc 
itter  on  fire. 

The  fun  is  fo  far  off,  that  we  may  confidcr 
try  point  upon  it's  furface  as  at  an  infinite  dif- 
ice,  and  may  therefore  fuppofe  the  rays  emitted 
>m  each  point  to  be  parallel  to  each  other;  con- 
juently  all  the  rays  trom  the  fun  that  fall  upon 
:ohvex  lens,  will  by  palling  through  the  glafs  be 
ide  to  converge,  and  unite  in  a  focus' behind  it. 

The  effefit  of  the  rays  of  the  fun,  when  they 
:  thus  collected,  is  the  reafon  why  the  point 
ere  they  arc  collcded  is  called  the  focus :  and 
r  name,  after  it  had  for  this  reafon  been  given  to- 
Vol.  II.  O  this 
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this  point,  has  been  made  ufe  of  as  a  general  ontf 
to  ftand  for  any  point,  where  converging  rays  meet,, 
or  to  which  they  tend. 

Every  lens,  whether  convex,  or  plano-convex, 
will  colled:  by  refradtion  the  rays  of  the  fim-dif- 
perfed  over  it's  furface  into  a  point,  and  thus  be- 
come a  burning  lens.  To  underftand  this*  let 
MNJj.  J5>/>^  2,  reprefent  a  convex  lens,  re- 
ceiving on  it's  furface  the  rays  R,  R,  R,  of  the  fun;,: 
thefeare  refracted  by  the  lens  into  a  fmall  luminous 
circle,  which  is  the  image  of  the  fun. 

As  all  the  rays  which  fall  upon  the  lens  art 
nnited  in  it's  focus,,  their  effedt  ought  to  be  ffr 
much  more,  as  the  furface  of  the  lens  exceeds  that 
of  the  focus.  Thus  if  a  lens  four  inches  broad 
collect  the  fun's  rays  into  a  focus  at  thediftanceof 
one  foot  or  twelve  inches,  the  image  will  not  be 
more  than  i-ioth  of  an  inch  broad.  The  furface 
of  this  little  circle  is  1600  times  lefs  than  the  fur-, 
face  of  the  lens,  and  confequently  the  fun's  light 
muft  be  fo  many  times  denfer  within  that  circle; 
it  is  not  therefore  furprizing  that  it  burns  with  a 
degree  of  ardour  and  violence  exceeding  any  culi- 
nary lire. 

That  the  ancients  made  ufe  of  burning-glaflcs, 
is  evident  from  a  paflagc  in  a  play  of  Arijlopbant!, 
called  the  Clouds,  where  Strepjiades  tells  Socrates, 
that  he  had  found  our  an  excellent  method  to  de- 
feat his  creditors,  if  they  fliould  bring  an  adiofc 
againit  him.  His  contrivance  was,  that  he  would 
get  from  the  jewellers  a  certain  tranfparent  ftonc, 
that  was  ufed  for  kindling  fire,  and  then  (landing 
ut  a  diflance,  he  would  hold  it  to  the  fun,  and 
melt  down  the  wax  on  which  the  a&ion  was 
written. 

The   mod  confiderable  of  thefe    glafies   an 
thofc  that   were  made   by  M.  Tichirnhaufcn  am 

Mr 
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t  Jtf  r.  Parker.  Tho*  I  have  already  mentioned  *  both 
I  fco  you,  it  may  be  worth  while  to  enter  into  fome- 
f  *rhat  a  largeKdetail  of  their  efFcdts,  The  dia- 
I  meter  of  that  of  M.  Tfchirnhaufcn  was  three  feet, 
I  the  focus  was  farmed  at  twelve  feet,  and  it's  dia- 
t  meter  ii  incly  and  weighed  160  pounds.  To 
I  render  tbe-iocus  more  vivid  t  it  was  col  led  ed  a 
iecond  time,  by  a  lens  placed  parallel  to  the  firft, 
ahd  fo  fituated,  that  the  diameter  of  the  cone  of 
lays,  formed  by  the  fir  ft  lens,  was  exactly  equal  to 
the  diameter  of  the  fecond  lens;  fo  that  it  received 
all  the  rays,  and  the  focus  was  cnntra&ed  to  eight 
l  lines,  and  it's  force  was  increafed  proportionably* 
The  lens  made  by  Mr.  Parker,  of  Fleet-ftreet, 
'Was  formed  of  flint  glafs,  is  three  feet  in  diameter, 
and  when  fixed  in  it's  frame,  expofes  a  clear  fur^ 
face  of  a  feet  8  £  inches  in  diameter,  weighs  212 
pounds,  focal  length  6  feet  8  inches,  diameter  of 
£  the  focus  1  inch.  A  fecond  lens  was  ufed,  which 
■ .    reduced  the  focus  to  hal  f  an  inch. 

I  (hall  now  recite  fomeof  the  principal  efFefts 
Of  that  made  by  M,  Tfchirnhaufen,  having  al- 
ready noticed  thofeof  Mr.  Parker's, 

1.  Every  kind  of  wood  catched  fire  in  an  in- 
(tent,  whether  hard  or  green,  or  foaked  in  water. 

2.  Thin  iron  plates  grew  red-hot  in  a  mo- 
ment, and  then  melted. 

3.  Tiles,  dates,  and  all  manner  of  earth,  grew 
red  in  a  moment,  and  vitrified. 

4.  Sulphur,  pitch,  and  all  refinous  bodies, 
melted  under  water.     . 

5.  Fir  wood  expofed  to  the  focus  under  water, 
{  did  not  feem  changed  \  but  when  broken,  the  in* 
^  fide  was  found  burnt  to  a  coal. 

6.  If  a  cavity  was  made  in  a  piece  of  char- 
coal, and  the  fubftances  ro  be  ad 
in  ij,  the  effeft  of  the  lens  was 

7.  Any  metal  whatfc 
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cavity  of  a  piece  of  charcoal,  melted  in  a  moment, 
the  fire  fparkling  like  that  of  a  forge. 

8.  The  allies  of  wood,  paper,  linen,  and  all 
vegetable  fubftances,  were  turned,  in  a  moment, 
into  a  tranfparent  glafs. 

9.  The  fubftances  moll  difficult  to  be  wrought 
on  were  thofe  of  a  w  hitc  colour. 

10.  All  metals  vitrified  on  a  china  plate, 
when  the  china  plate  was  fo  thick  as  not  to  melt, 
and  the  heat  was  gradually  communicated. 

1 1 .  When  copper  was  thus  melted,  and  thrown 
quickly  into  cold  water,  it  produced  fo  violent* 
fhock,  as  broke  the  ftrongeft  earthen  veffels,  and 
*  the  copper  was  entirely  diflipated.* 

The  experiments  with  a  burning-glafs,  among 
other  things,  prove  that  fire  is  regularly  diffufed 
through  all  (pace,  and  perfect  therein;  and  that 
when  properly  directed  and  put  in  aftion,  it  burnt 
with  a  vehemence  fuperior  to  any  culinary  fttt* 
The  fire  was  in  the  expanfe  before  the  glafs  was 
applied  ;  and  the  furfaceby  which  it  was  collected 
and  dircdied*  only  put  that  lire  into  aftion,  which 
already  exiited. 

Mr.  Parker  obferved  a  violent  rotatory  mo- 
tion in  the  rays  at  the  focus,  which  rotatory 
motion  became  viliblc  on  a  fmall  mafs  of  gold 
when  melted;  for  it  inlbntly  aiiumed  a  motion 
round  it's  axis,  and  that  invariably  t be  fame  tr<fl 
us  the  earth  moves  round  it's  axis. .  The  velocity  of 
this  motion  was  accelerated,  if  at  any  time  the 
fun  fnonc  with  greater  brightnefs  than  before. 

Though  the  heat  of  the  focus  was  fo  intenfi 
as  to  flux  gold  in  a  few  feconds,  yet  there  was  rt 

hea 

*  \\  hen  plates  of  copper  aic  cafl  at  a  foundry,  after  i\ 
moulds  have  been  well  heated  ai  d  dried,  they  wrapthcin  rour 
with  bbr.kcts  to  prevent  the  ;uccfs  of  any  moifture,  whi( 
would  no?  only  dill";  pate  the  metal,  but  blow  up  the  works,  ai 
even  ovoturu  the  hcuic  itleif. 
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:  a  fmall  diftance  therefrom;  and  the  fin 
iht  be   placed  in  the   cone  of  rays,   within 
of  the   focus,    without   re  g   any   hurt. 

Parker  had  the  curiofity  to  try  w  hat  the  fen- 
ion  of  burning  at  the  focus  tad  having  put 
iger  there  for  that  purpofe,  he  fays,  it   ruci- 
feemed  like  the  burning  of  a  lire,  nor  a  can^ 
but  the  fenfation  was  that  of  a  7   with 

You  may,  by  means  of  the  focal  rays  from  this 
fs,  char  or  burn  a  piece  of  wood  to  a  coal  in 
•  ter  of  water,  and  yet  the  lides  of  the  de- 
,    through  which  the  r  [s  (b  very  near 

us,  will  not  be  cracked,  nor  any  ways  af- 
ted  ;  nor  will  the  water  be  in  the  lead  degi 
i.     The  wood  was  afterwards  taken  out, 
the  rays   thrown  on  the  water  j  but   no  con- 
jance  of  collected  rays  in  this  way,  would  either 
the  water,   or  crack  the  glafs  ;  but  if  a  piece 
metal  be  put  into  the  water,  it  foon  becomes 
hot.  to  be  touched,   and   communicating   it's 
u  to  the  water,  makes  it  not   only  warm,  but 
fametiniLs  caufes  it  to  boil. 

Though   the  water  atone  is  not  a  fleeted  ; 
when  a  little   ink   was   poured   into   it,  the   watc: 
began  to  boil  in  a  very  little  time. 

f  Ttta  ScropTiuc  IJall,  or  Camera  Obscura, 


° 


7  j,  opticians  mean  any  darken- 
ed room,  out   of  which  all  the  light  is  excluded, 
.i  comes  through   a    lens    upon  a  white 
rly  placed,  on  which  the  objects  fecn 
are  depicted. 
It  is  in  general  made  in  two  different  ways: 
is,  a  large  room  or  chamber,    made  as  dark  as 
ih!e,with  the  feioptne  hall  fixed  in  thewindowy 
tha  other  is   fmall,  and  made  in  various 

O  3  m 
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ways,  as  that  of  a  box,  a  book,  &c.  for  the  coik 
veniency  of  carrying  it  from  place  to  places 
whence  it  is  called  the  portable  camera  obfcurif 
and  is  ufeful  to  a  young  artift  in  taking  the  optical 
view  of  any  propofed  profpedt. 

It  is  by  means  of  convex  lenfes  that  we  obtain 
all  the  advantages  that  are  derived  from  the  ca- 
mera obfeura,  which  exhibits,  in  a  moft  pleating 
manner,  all  the  obje<5h  feen  without  in  their  na-  , 
tural  proportions,  colours,  and  motions,  as  vivid 
and  beautiful  as  life;  which  I  (hall  (hew  you  um 
foon  as  I  have  explained  the  nature  of  the  in- 
ftrument. 

Let  W ,  X,  Y,  Z,  fig.  6, pi.  2,  reprefent  a  darkened 
room  or  box,  well  doled  on  all  fides,  fo  as  to  ad- 
mit no  light  but  what  comes  through  the  lens  0, 
whofe  focus  is  fuch  that  the  image  of  the  objedi 
from  without  fall  exactly  on  the  wall. 

In  the  diagram,  tp  prevent  confufion  from 
too  many  lines,  only  three  pencils  are  drawn,  one 
from  each  of  the  txtremes  P,  R,  the  other  from 
the  middle  Q,  of  the  object  PQR;  and  in  thefe 
pencils  there  arc  only  drawn  the  axis,  and  the  two 
extreme  rays. 

But  the  rays  that  flow  from  any  point  fas  P, 
for  inftance)  upon  the  lens  are  innumerable,  the 
whole  conical  fpacc  b  Pd  being  filled  with  them. 
Thefe  arc  all  collected  and  united  at  the  focus  p, 
and  there  received  upon  the  white  paper,  and  arc 
reflected  by  it  in  all  manner  of  directions;  fo  that 
to  a  fpedator  in  the  room,  p  is  now,  as  it  were, 
a  real  objed,  exadly  fimilar  to  the  phvfical  point 
P,  in  proportion  to  it,  as  O  p  to  OP,  and  p  it 
of  thf:  fame  colour  with  P,  becaufe  the  rays  flowing 
upon  the  lens  limn  P  arc  united  at  p,  ciiftind  and 
feparate  from  the  rays  coming  from  other  parts  of 
the  objecft. 

livery  other  phyfical  point  of  the  objed  fends 

forth 
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&rth  it's  cone  of  rays,  which  arc  united  by  the 
ms,  orderly  at  p,  q,  r,  and  being  there  reflected 
y  the  fcreen,  the  image  of  the  whclc  objedt  is 
iftinlt  and  vifible,  like  a  pidture  drawn  upon 
anvas  ;  but  much  more  lively  and  diftinft  than 
he  bed  finished  drawings  of  the  greateft  artift. 

If  the  objeds  are  very  remote  in  proportion 
D  the  focal  length  of  the  lens,  we  fliall  have  the 
ddures  of  thofe  that  are  in  the  fame  neighbour- 
tood,  pretty  diftindt  at  the  fame  time,  though  they 
re  at  the  fame  diftanccs  from  the  lens ;  becaufe  in 
hat  cafe,  the  focal  diftances  of  the  refra&ed  rays 
ifter  only  infenfibly. 

There  will  be  as  many  foci  upon  the  paper  as 
here  are  radiant  points  in  the  objedt,  from  which 
he  rays  proceed;  and  thefe  foci  will  be  difpofed 
R  the  fame  manner,  in  refpedt  of  one  another,  as 
he  radiants.  Thofe  foci  will  be  the  mod  bright 
n  which  the  mod  rays  are  united,  and  thofe  will 
tc  the  lead  bright  in  which  the  feweft  rays  are 
mited. 

Now  the  moft  rays  will  be  united  in  thofe 
bci,  which  cowefpond  to  the  radiants,  from  which 
he  moft  light  proceeds;  and  the  feweft  will  be 
olledted  in  <thofc  focal  points,  that  correfpond  to 
adiants  from  which  the  lcaft  light  proceeds. 
Therefore  the  light  and  fhadc  upon  the  paper  will 
c  anfwerable  to  the  light  and  fliade  upon  thefurface 
f  the  objeft. 

When  the  rays  from  thefe  foci  are  reflected  by 
lie  paper,  and  eitfer  the  eye  of  a  fpeftator,  who 
x>ks  at  the  paper,  he  will  there  fee  the  pi&ure, 
r  likenefs  of  that  object ;  for  the  figure  made  up 
f  thefe  foci,  will  be  like  the  figure  of  the  object, 
ecaufe  the  focal  points  are  difpofed  in  the  fame 
unner,  with  refpedt  to  one  another,  that  the  ra- 
iants  in  the  objedts  are.  The  light  and  lhade 
pan  the  paper  arc  every  where  anfwerable  to  the 
O  4  light 
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light  and  {hade  cpoo  die  furface  of  Ac 
And  rhc  colouring  of  each  particular  part  t 
the  whole  figure  upon  the  paper,  is  the  %ner 
the  colouring  of  the  correfpondent  pap  in ! 
pbjech 

If  the  fcrc?n  be  moved  nearer  the  M 
as  to  x9  or  farther  from  it,  as  to  y,  the  pidufe  vi 
be  enfufed,  becaufe  the  rays  proceeding  from  jl 
next  adjacent  objects  'begin  to  interfere  and  gi 
together,  as  the  rays  frotn  a  will  be  mixed  *i 
thoic  fro;n  P.  The  diftincrnefs  of  the  pidtue,* 
have  obferved,  is  entirely  owing  to  the  fepaiatt 
of  the  rays  belonging  to  every  point  of -the  obj 
upon  their  reception  on  the  fcrecn.  If  the  fcrq 
be  rchwved  farther  and  farther  fropa  the  focu*,t 
picture  will  become  more  and  more  initfti|ift9a 
at  length  totally  vamfh,  no  one  part-being  dHti 
guifhable  from  the  reft;  for  all  the  rays/ that  pi 
ceed  frcm  the  feveral  points,  muft  go  to  as  ton 
correfpondent  points  to  make  a  complete  image 
the  object.  7  he  h\J*tK*ys  of  the  pitture9  vrben  i 
d\ [ihv,: v -t- /;•;:::  tit  in::  is  ^;:  /;;,  is  hi  propcrtivn  to\ 
are j  of  ;/v  /:  ?:s.  The  ci::;inclncfs  of  the  picture 
not  the  lame:  thing  as  i:*s  brightnofs;  nor  is  t 
confunon  of  jv.rrs  the  fame  thing  as  it's  obfeuri 

The  picture  may  be  ciiiHnct  in  all  it's  par 
the  rays  which  come  (vein  one  and  the  fame  po 
"of  the  object,  may  be  exactly  coiie<fled  into  c 
and  the  fame  point  on  the  p'p~r;  and  vet,  if  I 
few  rays  ihouid  pafs  through  the  lens,  thepidi 
will  be  diftincl,  though  rnintly  enlightened.  < 
thoi.gh  the  picture  be  cenmied,  cither  by  the  fen 
being  placed  at  an  impr^cr  diib.nce  from  the  k 
or  from  any  other  raufe,  yet  if  many  rays  J 
through  the  lens  the  piiture  will  be  a  bright  o 
jiotwithftanding  it's  confufion. 

Hence  you  fee  that  the  brightnefs  of  the  p 
ture  in  every  part  depends  on  ir.e  rays  that  cc 
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to  that  part,  and  that  the  picture  will  be  bright 
or  faint,  in  proportion  as  it  is  formed  by  more  or 
fewer  rays.  Now  the  quantity  of  light,  or  number 
of  rays  that  pafs  from  any  pjVcn  object  into  the 
room,  is  greater  or  fmaller  in  proportion  as  the 
hole  through  which  they  pafs  is  greater  or  lefs,  or 
as  the  area  of  the  lens  is  greater  or  fmaller. 

The  foot  of  the  crois  will  be  at  r,  and  the  top 
at  p,  for  every  objeft  mud  be  reprcfented  at  the  place 
where  a  line  fails,  drawn  from  the  objefl  through 
the  middle  of  the  lens ;  and  confequently  what  is 
at  the  top  will  be  reprcfented  at  the  bottom;  ob- 
jects to  the  right  w  ill  be  the  lefr  in  the  picture. 

Why  the  image  is  inverted,  is  evident  from  a 
■bare  infpeCtion  of  the  figure ;  and  it  is  alfb  evident, 
that  this  inverfion  is  not  owing  abfolutcly  to  tlielcns ; 
for  if  that  be  removed,  and  the  light  be  admitted 
through  a  fmall  hole  in  the  fhuttcr,  as  you  fa w  at 
the  beginning  of  this  Lcdttire,  we  fhallhavc  an  in- 
verted pidture  on  the  icrecn,  though  very  imperfedt 
when  compared  to  that  formed  with  the  lens :  the 
feveral  pencils  in  both  cafes  crofs  each  other  ;  but 
without  the  lens,  the  pidure  is  very  faint  and  con- 
fufed ;  it  is  faint  for  want  of  fufficient  light, 
fo  many  rays  from  each  point  not  being  collected 
together  ;  it  is  confufed  becaufe  the  rays  that  pro- 
ceed from  the  adjacent  objeds  interfere  and 
mingle  together. 

Let  us  now  proceed  to  try  t\vtfcioptric  ball, 
or  ox's  eye.  To  ufe  this,  the  windows  of  the  room 
mud  be  made  to  fhut  very  clofe,  and  if  there  be 
any  crevices  they  fhould  be  (topped,  as  we  have 
done  here,  by  nailing  flips  of  cloth  clofe  over  them ; 
the  fafti  is  thrown  up,  and  we  have  cut  a  hole  in 
the  (hutter  fufficient  to  let  the  ball  move  freely 
therein:  to  this  we  fhall  fcrcw  our  inftrument, 
which  confifts  of  three  parts,  a  frame,  a  ball,  and 
a  lens.     The  flat  fide  of  the  frame  is  to  be  placed 

clofe 


002        LlCTVRBft  OK  NATURAL  PhILOS0P«*. 

clofe  to  the  window  fhutter ;  the  frame  confijb  ef 
two  parts,  the  flat  board  with  a  hole  in  it,  and  a 
fcrew,  to  which  a  ring  may  be  forewed,  by  which 
the  ball  is  confined ;  it  moves  with  more  or  left 
cafe,  as  this  ring  is  fcrewed  more  or  lefs  tightly; 
the  ball  has  a  Urge  cylindrical  hole  at  each  end, 
which  is  cut  to  a  female  fcrew  for  receiving  ft  lew 
fitted  in  a  cell.  By  the  motion  of  the  ball,  the 
axis  of  the  lens  may  be  turned  different  ways;  and 
the  fphericity  of  the  frame  and  ball  prevents  anj  1 
light  being  tranfmitted  between  them*  There  are 
ufually  two  lenfes  of  different  focal  lengths;  byufing 
both  together  you  obtain  a  third,  having  a  (hotter 
-focus  than  either  of  the  others.  There  is  a  paper 
fcreen,  and  a  half  poliflied  glafs,  with  proper  fup- 
ports,  fo  that  I  may  place  either  of  them  exa&ly  in 
the  focus,  by  moving  them  to  and  fro  till  the  pic» 
turc  is  diftin&. 

This  instrument  may  be  confidered  as  a  kind 
of  artificial' eye ;  the  frame  may  reprefent  a  fnif- 
trum  of  the  orbit  of  the  eye,  and  the  wooden  ball 
which  is  moveable  every  way  therein  the  globe  of 
the  eye,  moveable  every  way  in  it's  orbit ;  rhe  hole 
in  the  ball  reprefents  the  pupil  of  the  eye,  the  con- 
vex lens  corr«fponds  to  thccryftalline  humour,  and 
the  fcrecn  to  the  retina ;  all  which  you  will  better 
comprehend  when  we  come  to  explain  the  nature 
of  vilion.  I  fix  the  fcioptric  ball  in  it's  place,  and 
darken  the  room,  and  fet  the  fcrecn  at  a  proper 
diftance  from  the  lens. 

You  fee  what  a  beautiful  and  lively  pi<fhi re  of 
all  the  objefts  before  the  window  is  exhibited  on 
the  fcreen.  It  may  with  propriety  be  termed  na- 
ture's art  of  painting.  You  have  perfpeftive  here 
in  perfection,  or  a  juft  diminution  of  objedls  in 
proportion  to  the  diftances,  the  images  being  all  in 
proportion  to  the  rcfpeclivc  apparent  magnitudes 
of  the  objedts  feen  by  an  eye  at  the  hole  in  the  win- 
dow.    The  colouring  here  is  juft  and  natural,  the 

lights 
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ljght&and  (hades  perfe&ly  juft,  and  the  motions  of 
aJlobie&s  are  perfedlly  exprcffed;  the  leaves  qui- 
ver, the  boughs  wave,  the  birds  fly,  &rc.  as  in  na- 
ture, though  much  quicker,  and  in  a  Icfler  fcenc. 
From  the  camera  obfeura,  the  painter  may  learn 
his  imperfections  ;  he  may  fee  what  he  ihould  do, 
and  know  what  he  cannot  perform. 

Observations  on  the  Scioptric  Ball. 

AH  other  circumftances  beingthe  fame,  the  pic- 
tures of  objedis  that  are  near,  as  within  5,  10,  or  20 
yards,  are  more  vivid  than  thofe  that  arc  more  remote. 
Univcrfally,  the  pictures  will  be  more  diftindt  and 
pleafant,  when  the  objects  are  at  fuch  moderate  dif- 
tances,  in  proportion  to  the  focal  length  of  the  lens, 
as  to  exhibit  fmall  parts,  as  the  features  of  a  per- 
fon's  face,  the  tiles  of  a  houfe,  &c.  If  the  light 
without  is  favourable,  and  the  fpeftator  has  been 
fomc  time  in  the  dark,  it  is  furprifing  how  diftincft 
and  bold  objects  will  appear,  that  are  diminifhed 
atleaft  20 or  30  times;  and  a  perfon  may  be  known, 
when  his  features  are  no  bigger  than  in  that  pro- 
portion. The  lights  and  tints  are  then  exquifitely 
delicate  and  perfectly  juft,  and  the  relievos  of  ob- 
jects furprizingly  bold.  A  diftant  profpect  appears 
pcrfedt  enough,  but  does  not  form  fo  entertaining 
a  pi&ure. 

All  light  (hould  be  excluded  from  it  but  what 
comes  through  the  lens  ;  for  in  proportion  as  the 
field  about  is  darker,  thex  objects  will  appear 
brighter,  as  the  ftars  do  in  a  dark  night.  The  fpec- 
tator  himfelf  (hould  alfo  be  in  the  dark,  at  lead 
while  he  looks  at  the  picture ;  for  by  this  means 
the  pupils  of  his  eyes  enlarge ;  and  as  they  enlarge, 
the  apparent  brightnefs  of  the* picture  will  increafe; 
and  being  free  from  extraneous  light,  the  impref- 
lions  on  the  retina  will  be  more  vivid  and  feniiblc. 
The  (hould  alfo  be  well  enlightened,  other-. 
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wife  the  pidhires  will  be  dull,  obfeure,  and  npwiyi 
agreeable.  You  muft  therefore  never  ejehibit  \xl 
;n  a  clear  day;  and  it  will  anfwer  beft  when  the  fuo 
(hines  upon  the  objeds ;  that  is,  if  the  profped  be 
weftern,  the  appearance  will  be  beft  in  the  morn- 
;ng;  if  eaftern,  in  the  afternoon ;  if  northern,  abotf 
noon.  A  fouthern  &fpe(5t  js  the  worft  of  any  for  the 
camera  obfeura. 

A  proper  aperture  (houid  be  given  to  the  lens; 
if  the  aperture  be  too  fmall,  the  picture  will  be  dark 
and  obfeure,  and  upon  that  account  indiftind  an<j 
junplcafant.  If  the  aperture  be  too  large,  the  pic- 
Cure  will  be  indiftiqdt,  on  account  of  the  aberra- 
tion of  the  extreme  rays,  of  which  we  fhall  fpc*k 
Jiereafter ;  and  aifo  becaufe  the  pi&ure  will  be  tot 
jftuch  enlightened  by  the  adventitious  light  whict 
.enters  the  room,  by  which  it  i$  much  pbicurcd  «n4 
jpijured. 

The  apertures  will  admit  of  fome  latitude, 
and  may  be  more  or  lefs  contracted,  as  the  objed* 
are  more  or  lcfs  illuminated,  or  as  they  are  nearer 
or  farther  from  the  lens.  Mr.  Harris  fays,  that  in 
a  clear  d"  ,  and  the  (vn  ftiining  obliquely  upon  the 
objects,  a  i  tis  of  iS  inches  focus  does  belt  with  an 
aperture  u\m\  i  to  17  inch,  according  as  the 
weather  varies  ;  uhen  the  weather  was  ovcrcaft,  an 
npeipre  of  1  !•  in- h  acted  beft;  when  the  fun 
ilmiir,  a  It  n*  ot  .{6  iih  he*  focus  bore  an  aperture 
ol    » J-,  and  uiiuUI  nor  bear  more  than  ijinch. 

Alter  I'veiv  aci.  nipt  to  improve  the  picture, 
the  ar|uutiU  hn^him  L  will  dccrcafc  nearly  as  the 
<i|iiaiv  til  ilit  In  .it  length  of  the  lens  is  increafed. 
l'i;i  il.u  art.aivm  lni;rlitnc]s  will  be  nearly  as  the 
<1  mil)  Cii  1  Ik  li-lit  m  the  pichrre,  divided  by  the 
tit  wny  oi  lie  rfdvi  .iiitious  light  i.i  the  room.  And 
vhau-vi-r  1.,  1  In  ltj<  al  length  of  the  lens,  the  den- 
h(>  il  ilit  .ill' .  niitious  light  will  be  nearly  a* 
djiiaic  i)t  tin-  linear  aperture  oi*  the  lens; 
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prefcrvc  the  fame  denfity,  the  aperture  muft  be  as 
the  focal  length  of  the  lens. 

In  fome  cafes  the  breadth  of  the  pidhire  maybe* 
about  t  of  it's  diftancc  from  the  lens,  and  even  more 
if  the  paper  be  made  a  little  concave;  that  is,  the 
pkSure  may  take  in  a  field  of  near  40  degrees? 
but  in  moil  cafes,  when  the  field  is  fo  large,  the 
.picture  will  be  more  diftinct  in  the  middle  than, 
towards  the  extremes,  and  therefore  you  fliould  fel- 
dom  exceed  an  angle  of  about  20  or  30  degrees. 

A  glafs  having  both  it's  fides*  gFound  flat, 
nearly  parallel,  and  polifhed  on  one  fide,  will  ex- 
hibit the  images  of  objects  vaftly  more  vivid  and 
diftindt,  than  by  reflection  from  paper,  &c.  The 
lays  are  not  fo  much  diflipated  in  this  cafe,  as  they 
arc  by  reflexion  from  the  opake  furfacc ;  you  are 
alfo  lefs  offended  by  extraneous  light,  as  none  is 
admitted  but  what  falls  upon  the  glafs,  and  pafles 
through  it,  and  you  may  therefore  have  a  good 
pidturc  by  a  much  deeper  or  fhallower  lens  than 
you  have  on  the  paper. 

The  inverted  pofition  of  the  images  in  a  ca- 
mera obfeura  *  is  an  imperfedtion  ;  an  inverted 
pidture  does  not  look  near  fo  pleafant  as  one  that 
is  ereQ,  and  a  perfon  cannot  be  known  near  fo 
readily  in  an  inverted  picture,  as  after  the  fame 
pidhire  is  fet  in  it's  proper  pofition.  But  if  you 
take  a  looking-glafs,  and  hold  it  before  you  with 
the  face  towards  the  pidturc,  and  inclining  down- 
wards, the  images  will  be  eredt  in  the  glafs,  and 
appear  with  greater  luftre  than  in  the  fcreen ;  or 
you  may  place  a  fmall  mirror  before  or  behind  the 
Tens,  to  inflect  the  rays  before  they  come  to  the 
pidture. 

*  l£  portable  in  ft ruments  this'inverfion  is  removed. 

Or 
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Of  the  Magic  Lanthorn* 

The  magic  Ianthorn  has  bc'en  generally  ap- 
plied to  magnify  fmall  pi&urcs  in  a  dark  room/of 
the  amufement  of  children:  wd  (hall  (hew  you  thar 
it  may  be  applied  to  more  important  piirpofes,  by 
ufing  it  to  explain  the  general  principles  of  optics, 
aftronomy,  botany,  &c. 

The  conftrudion  and  theory  of  this  inflrument 
is  very  eafy ;  it  confift's  of  a  tin  Ianthorn  with  a  tube 
fixed  to  the  front;  this  tube  confifts  of  two  joints, 
one  of  which  Aides  into  the  other;  by  drawing 
theoutermoft  fointout,orpuftiingit  in,thetubcmajr 
be  made  Ihortcr  or  longer.  At  the  end  of  this  move- 
able tube  a  convex  lens  is  fitted;  the  pi«£lurc  which 
is  painted  with  tranfparent  colours  on  glafs,  is 
placed  in  a  groove  made  in  the  immoveable  part  of 
the  tube,  fo  that  as  the  tube  is  lengthened  or  (hort- 
cned,  the  lens  will  be  either  at  a  greater  or  lefs 
diftancc  from  the  pidture.     In  the  inmoft  of  the 
tubes,  and  as  dofe  to  the  fide  of  the  Ianthorn  as 
pofliblc,  is  placed  a  thick  com  ex  lens,  in  order  to 
cafl^a  ftrong  light  from  the  lamp  upon  the  objeft* 

To  be  more  particular ;  in  the  infide  of  the 
Ianthorn,  Jig.  2,  pi.  3,  is  a  lamp  L,  whofe  light 
paflcs  through  the  plano-convex  lens  N  K  L,  and 
ftrongly  illuminates  the  object  QR,  which  is  a 
tranfparent  painting  on  glafs,  inverted  and  move- 
able before  the  lens  K  L,  by  means  of  a  Aiding  frame 
in  which  the  glafs  is  fixed.  The  illumination  ia 
often  increafed  by  means  of  a  concave  mirror 
placed  at  the  back  of  the  Ianthorn.  If,  when  the 
objedis  properly  illuminated,  the  lens  S  Tbe  moved 
a  little  further  from  the  objedt  Q  R  than  it's  focal 
diftance,  it  will  form  a  reprcfentation  at  a  great 
diftance  on  the  oppofite  wall;  and  the  image  VW 
will  be  as  much  larger  than  the  objed  Q  R,  as  the 

diftance 
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incc  Z  O  is  greater  than  Z  G.  As  the  lens 
is  moved  farther  out  of,  or  pufned  into  the  tube* 
image  V  W  will  be  fmaller  or  larger,  accord- 
to  the  diftance  of  the  oppofite  wall. 
To  render  the  picture  diftind,  no  light  fhould 
fall  upon  it  but  what  pafles  through  the  lens,  and 
for  this  reafon  the  lanthorn  mull  be  ufed  in  a  dark 
room.  The  lens  fliould  be  very  convex,  fo  that 
the  object  may  be  very  near  it;  for  you  have  feen, 
that  by  fo  much  as  the  object  is  nearer  to  the  lens* 
uill  the  image  be  at  a  greater  diftance  from  it,  and 
confequcntly  fo  much  the  larger;  and  fince  the 
image  is  inverted  in  order  to  make  the  pidure  on 
the  fcreen  upright,  it  is  ncccftary  tuat  the  object 
fliould  be  placed  with  the  wrong  end  upwards. 

Fl'RT 

Convex  lenfes  are  ufed  for  looking  at  obje&s : 
to  comprehend  this,  we  mult  conlider  their  na- 
lure  a  little  further.  I  have  already  told  you,  that 
when  an  objedt  is  very  diftant,  the  image  is  rcpre- 
fented  at  the  focus  of  the  glafs  ;  and  that  the  image 
is  removed  further  from  the  lens,  in  proportion  as 
the  obje<fi  approaches  it;  fo  that  if  the  object  is  at 
the  focal  diftance  from  the  lens,  the  image  is  re- 
moved to  an  infinite  diftance.  And  for  this  rea- 
fon, the  rays  O  N,  O  N,  Jig.  8,  pL  2,  which  fall 
upon  the  point  O,  are  refracted  by  the  glafs,  fo 
that  they  become  parallel  to  each  other,  as  N  F, 
and  N  F;  and  as  parallel  lines  may  be  confidered 
as  proceeding  to  an  indefinite  diftance ;  and  that 
the  image  is  always  where  the  rays,  which  proceed 
from  the  object,  are  united  after  refra&ion ;  in 
the  cafe  where  the  diftance  OA  of  the  object  is  equal 
to  the  focus  of  the  gFais,  the  image  is  removed 
>an  infinite  diltajice.  As  it  it  indifferent  whether 
3  the 
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the  parallel  lines  N  F,  N  F,  meet  on  the  right 
or  left  hand,  the  image  may  be  confidered  as 
being  on  either  fide,  but  at  an  infinite  diftance. 
From  hence  you  will  eafily  conclude,  where  the 
image  will  be  found,  when  the  object  comes  ftill 
nearer  the  lens  than  the  focus. 

Let  O  P,  fig.  10,  pi.  2,  be  the  objedl  :  now  as 
the  diftance   O  A   thereof  from  the   lens  is  Ids 
than  the  focal  diftance,  the  rays  O  m,  O  m,  which 
proceed  from  the  object,  are  too  diverging  to'  be 
rendered  parallel  by  refraction  ;  but  continue  di- 
vergent,  as   N  F,    N  F,   after    they    have  paffcdf" 
rhrough  the  ghfs,  but  much  lefs  fo  than  before  \ 
fo  that  by  prolonging  them  on.  the  other  fide  the 
lens,  rhcy  will1  meet  fomewhere,  as  at  o-  confe- 
quently  N  F,  N  F,  after  refraction  follow  the  fame 
direction  as  if  they  proceeded  from  the  point  o; 
And  an  eye  which  receives  thefe  rays  will  be  affedt- 
Cti  as  if  they  came  from  o,  and  will  imagine  that 
rhc  object  of  viiion  is  at  o:  there  will,  however, 
he  no  image  formed  at  o,  and  in  vain  would  yotf 
apply  a  lcr\?cn  there  to  receive  it. 

Hut  an  eye  at  \i  receives  the  fame  impreffion 
;is  if  the  object  O  P  exifled  at  c.  It  is  therefore 
important  in  fuch  cafes  to  know  the  lize  and  place 
of  'live  /,;/l;'/,,7l:rv  image  op."  With  refpedt  to  the 
plinv,  it  \\  ill  be  fufheient  to  remark,  that*  if  the 
iiilla:n  c  lrom  the  object  A  O  was  equal  to  the 
to'  .1!  diftance  of  the  glafs,  the  image  would  be  at 
an  inimiii-dilLvnce  ;  but  that  astheobjedt  is  brought 
to  ihi-  Ic  m  .  ihe  more  the  imaginary  image  alfo 
,v.|in..i  '"  "■  ihe  s'J.if*,yet  it's  diftance  alu a> s  exceeds* 
tL.iL  iJ  ih«"  <'bj(''l  iV«»m  tl.t'  glafs. 

'!<>  ill'iili.iie  this  by  an  example;  let  the  focal 
ill!'..'.!;  c  ft"  the  <\\:\['s  be  6  in.  hos,  and  the  fol- 
io v-  iiii.'.  t.i!  les  will  --jvc  you  the  dinanecs  of  the  ob- 
)kk{%  ;is  v.  ill  as  the   coireipooding  alliance  of  the 

iiii.i-»  sii.ix  v  in.-^e  o  p. 

Vijliince 
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mart  image  A  c. 
Infinite. 
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The  rule  for  finding  the  iize  of  the  ima- 
Itttry  image  op,  is  cafy  and  genentL  Draw  a 
nc  C  P  p,  through  the  extremity  of  the  obje£i,  and 
center  of  the  glafs,  and  at  p,  where  it  meets 
be  line  o  p,  perpendicular  to  the  axis  of  theglafs^ 
mi  find  o  p  for  the  lizc  of  the  imaginary  image: 
wn  whence  you  fee,  that  this  image  is  always 
rger  than  the  object  j  and  that  in  proportion  as 
*s  diftance  from  the  glafs  exceeds  that  of  the 
►jcilt  from  the  glafs:  you  alio  fee,  that  the  image  is 
>t  inverted. 

From  thefc  obfer  vat  ions  you  will  comprc- 
:nd  the  ufic  of  convex  lenfes  to  perfons  who  do 
»t  fee  near  objects  diftindly,  but  fee  well  thofc 
at  arc  at  a  diftance;  for  by  the  help  of  thefe 
iflet  they  fee  near  objects  as  if  they  wore  at  a 
ftan 

Of  Concave  Glasses. 

As  convex  glaflcs  caufc  the  rays  of  light  to 
merge  and  unite,  fo  thofc  which  are  concave 
akc  them  feparate  and  diverge  ;  for  which  rea- 
•n,  if  diverging  rays  fait  upon  a  concave  lens,  they 
ill  diverge  more  after  they  have  patted  through 
than  they  did  before  j  :intl  fuch  rays  as  converge 
tfore  their  incidence,  will,  after  their  paflage, 
)nvergc  lefs,  their  effed  being  directly  contrary 
*  that  of  convex  lenfes, 
Voi.  II.  P  Let 
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the  parallel  lines  N  F,  N  F,  meet  on  the  right 
or  left  hand,  the  image  may  be  confidcred  as 
being  on  either  fide,  but  at  an  infinite  diftance. 
From  hence  yon  will  eafily  conclude,  where  the 
image  will  be  found,  when  the  cfojett  conies  (till 
nearer  the  lens  than  the  focus. 

Let  O  P,  f?.  10,  pi.  2,  be  the  objedl :  now  ai 
the  diftancc   O  A   thereof   from   the    lens  is  lefs 
than  the  focal  diftance,  the  rays  Om,Om,  which 
proceed  from  the  object,  are  too  diverging  to  be 
rendered  parallel  by  refraction  ;  but  continue  di- 
vergent,   as   N  F,    N  F,    after    they    have  paffetf 
through  the  ghfs,  but  much  lefs  fo  than  before  t 
fo  that  by  prolonging  them  or  the  other  fide  the 
lens,  rhcy  will1  meet  fomewhere,  as  at  o ;  confe- 
quently  N  F,  N  F,  after  refraction  follow  the  fame 
direction  as  if  they  proceeded  from  the  point  o; 
and  an  eye  which  receives  thefc  rays  will  be  afFed-  ■ 
cd  as  if  they  came  from  0,  and  will  imagine  that 
rhc  object  of  vition  is  at  o :  there  will,  however, 
be  no  image  formed  at  o,  and  in  vain  would  yotf 
apply  a  fcrocn  there  to  receive  it. 

But  an  eye  at  E  receives  the  fame  imprefliorf 
as  if  the  object  O  P  exiiled  at  c;  It  is  therefore 
important  in  fuch  cafes  to  know  the  lize  and  place 
of  the  i;tuyi:!i!rx  image  op."  With  refpedt  to  the 
place,  ic  will  be  fufheient  to  remark,  that*  if  the 
difiaisre  IVcmh  the  object  A  O  was  equal  to  the 
foe  :il  diftance  of  the  glafs,  the  image  would  be  at 
an  infinite  diftancc  ;  but  that  astheobjed  is  brought 
to  the  lcn-,,  rhc  more  the  imaginary  image  alfo 
a-./pn.a  !•«:  ■:  ihc  ylaf:,yct  it's  diftance  always  exceeds 
t La t  of  liu:  obje-tl  fn>m  \\\e  glafs. 

To  ill1  ill i ate  thu>  by  an  example;  let  the  focal 
d,:Uw.c  of  the  glafs  be  6  inches,  and  the  tol- 
lu/ving  tables  will  jive  you  the  diiumccs  of  the  ob- 
\iiit,  as  v.cll  as  the  correfpooding  Uiltance  of  the 
iniau.iiv-irv  imr.ee  o  p. 

Dijliince 
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Dijfdntf    of   tbe   imagi- 
nary image  A  c. 
Infinite, 

1 2 
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jlc  for  finding  the  fize  of  the  ima- 
nage  0  pi  is  cafy  and  general.  Draw  a 
p,  through  the  extremity  of  the  object,  and 
terof  the  glafs,  and  at  p,  where  it  meets 
)  p,  perpendicular  to  the  axis  of  the  glafs, 
op  for  the  iizc  of  the  imaginary  image: 
ence  you  fee,  that  this  image  is  always 
an  the  object  -,  and  that  in  proportion  as 
ice  from  the  glafs  exceeds  that  of  the 
>m  the  glafs:  you  alfo  fee,  that  the  image  is 
ted. 

n  thefe    observations   you   will   cornpre- 

ufc  of  convex  lenfes  to  perfons  who  do 

lear  objects  diftindly,  but  fee  well  thofc 

fdifiancc;  for  by  the  help  of  thefe 
:c  near  objects  as  if  they  wore  at  a 

Of  Concave  Glasses. 

convex  glalTes  caufe  the  rays  of  light  to 
and  unite>  fo  thofc  which  are  concave 
*m  feparate  and  diverge;  for  which  rca- 
rerging  rays  fall  upon  a  concave  lens,  they 
rge  more  after  they  have  paflcd  through 
icy  did  before;  and  fuch  ra\s  as  converge 
)eir  incidence,  will,  after  their  paflage, 
lefs,  their  effed:  being  directly  contrary 
*  convex  Jenfes. 
I  P  Let 
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the  parallel  lines  N  F,  N  F,  meet  on  the  right 
or  left  hand,  the  image  may  be  confidcred  as 
being  on  either  fide,  but  at  an  infinite  diftance. 
From  hence  you  will  eafily  conclude,  where  the 
image  will  be  found,  when  the  objeit  comes  ftill 
nearer  the  lens  than  the  focus. 

Let  O  P,  A^.  10,  pi.  2,  be  the  objedt  :  now  as 
the  diftance   O  A   thereof   from  the    lens  is  lcfs" 
than  the  focal  diftance,  the  rays  O  m,  O  m,  which 
proceed  from  the  object,  are  too  diverging  to'  be 
rendered  parallel  by  refraction  ;  but  continue  di- 
vergent,  as   N  F,    N  F,   after    they    have  paffedf 
through  the  ghfs,  but  much  lefs  fo  than  before  i 
fo  that  by  prolonging  them  oa  the  other  fide  the 
lens,  they  will5  meet  fomewhere,  as  at  o  •  confe- 
qucntly  N  F,  N  F,  after  refraction  follow  the  fame 
dire&ion  as  if  they  proceeded  from  "the  point  o; 
and  an  eye  which  receives  thefc  rays  will  be  affed-  ■ 
eu  as  if  they  came  from  o,  and  will  imagine  that 
rhc  object  of  vifion  is  at  o :  there  will,  however, 
be  no  image  formed  at  o,  and  in  vain  would  yotf 
apply  a  fcrocn  there  to  receive  it. 

Bur  an  eye  at  V.  receives  the  fame  impreffion 
as  if  the  object  O  P  exiiled  at  c.  It  is  therefore 
important  i:i  fuch  cafes  to  know  the  iize  and  place 
of 'the /;;;.// /.v.:rv  image  op."  With  refpeft  to  the" 
p!:ice,  ic  will  be  fuflicicnt  to  remark,  that* if  the' 
riifla::i*c  from  the  object  A  O  was  equal  to  the 
lo(  :il  cliltance  of  the  glafs,  the  image  would  be  at 
an  infm'.ie  difta'nee  ;  but  that  as  thcobjedt  is  brought 
to  the  Kit,  the  more  .the  imaginary  image  alfo 
r.-oKii  i".:  ihe  s.'!-if.:,yct  it's  diftance  ah\a\s  exceeds 
that  of  the  ohje-'t  from  ih*  glafs. 

To  illuilicite  tlm>  by  an  example;  let  the  focal 
di'.;.UwC  cf  the  glafs  be  6  iiwhcs,  and  the  toi- 
leting rallies  will  ^ive  you  the  diiianccs  of  the  ob- 
ject, as  v.ell  as  the  correipooding  Uiitance  of  the 
imaginary  image  o  p. 

DiJIance 
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the  parallel  lines  N  F,  N  F,  meet  ori  the  .fi^  , 
or  left  hand,  the  image  may  be  confident  ir 
being  on  either  fide,  but  at  an  infinite  diftahc& 
From  hence  yoti  will  eafily  conclude,  where  tic 
image  will  be  found,  when1  the  objeft  comirftitt 
nearer  the  lens  than  the  focus. 

Let  O  P,  fig.  ia,  pi.  2,  be  the  objeft  :  nbw  a* 
the  diftance  O  A  thereof  from  the  lens  is  leff 
than  the  focal  diftance,  the  rays  O  m/O  mt  whicbf1 
proceed  from  the  objed,  are  too  diverging  tt>!  h* 
tendered  parallel  by  refradlion  ;  but  Continue  dk. 
vergent,  as  NF;  NF,   aftef    thejr    have  paflfef 
through  the  gWs,  but  much  fcfs  fo  than  beftr^r 
fo.that  by  prolonging  them  on.  the  othei*  fid^tbr 
lens,  they  wilt  meet  ibmewhere,  as  at  ©/-conft^ 
quently  N  F,  N  F,  after  refradtion  follow  the  faffiCL* 
dircdion  as  if  they  proceeded  from  the  -point  »?: 
mid  an  eye  whicti  receives  thefc  rays  will  be  affifcft-  ?! 
ed  as  if  they  came  from  o,  and  will  imagine  diar 
the  object  of  vifion  is  at  o:  there  will,  nowevcty 
be  no  image  formed  at  o,  and  in  vain  would  yOtf 
apply  a  fcrecn  there  to  receive  it. 

But  an  eye  at  E  receives  the  fame  impreffiorf 
as  if  the  objeol  O  P  exiiled  at  c;  It  is  therefore 
important  in  fuch  cafes  to  know  the  fize  and  place 
Of  *i!>c /;;;^7.7.;rv  image  op.  With  refpedt  to  the 
place,  it  \\  ill  lie  fufiicient  to  remark,  that*  if  the' 
dillaiice  from  the  objeri  A  O  was  equal  to  the 
focal  dillancc  of  the  glafs,  the  image  would  be  at 
an  infinite  dillatice  ;  but  that  as  theobjeit  is  brought 
to  the  lens,  the  more,  the  imaginary  image  alfo 
a-zproa-^hcj  the  £'lak,ytt  it's  diftance  always  exceeds* 
that  of  the  objed  from  th«  glafs. 

To  illulliatc  this  by  an  example;  let  the  foca( 
dii'Umce  of  the  glafs  be  6   inches,  and  the   ioLnJ 
losing  tables  will  give  you  the  dif-  -f  the - 

jedt,  as  v.  ell  as  the  correfpoodxi 
imaginary  image  o  p. 
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ifiance  of  the  objefi  A  O.  I  Dijiance   of  the  imagu 

H        nary  image  A  c. 
6    Infinite. 


30 
12 

6 
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The  rule  for  finding  the  fize  of  the  ima- 
ioary  image  o  p,  is  cafy  and  general.  Draw  a 
ic  CP  p,  .through  the  extremity  of  the  obje<5fc,  and 
the  center  of  the  glafs,  and  at  p,  where  it  meets 
c  line  o  p,  perpendicular  to  the  axis  of  the  glafs; 
u  find  o  p  for  the  iizc  of  the  imaginary  image: 
rm  whence  you  fee,  that  this  image  is  always 
ger  than  tile  object ;  and  that  in  proportion  as 
s  diftance  from  the.  glafs  exceeds  that  of  the 
je£t  from  the  glafs:  you  alfo  fee,  that  the  image  is 
t  inverted. 

From  thefe  obfervations  you  will  comprc- 
nd  the  ufe  of  convex  lenfes  to  perfons  who  do 
t  fee  near  objedts  diftin&ly,  but  fee  well  thofe 
at  are  at  a  diftance ;  for  by  the  help  of  thefe 
lfles  they  fee  near  obje&s  as  if  they  wore  at  a 
(lance. 

Of  Concave  Glasses. 

As  convex  glafles  caufc  the  rays  of  .light  rto 
werge  and  unite,  fo  thofe  which  are  concave 
ike  them  feparate  and  diverge  ;  for  which  rea- 
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Let  us  confider  their  nature  by  a  diagra 
fig.  12,  pi.  2,  and  O  P  as  an  objed  at  a  great  i 
fance,  fp  that  the  rays  0  M,  O  M,  may  be  dean 
parallel.  Thefe  falling  upon  the  concave  gla&i 
thereby  rendered  more  divergent,  and  go  on 
the  directions  N  F,  N  F,  as  if  they  had  proccec 
from  the  point  o,  although  they  really  proci 
from  o. 

As  the  nys  are  deemed  parallel,  if  the  gl 
had  been  convex,  o  would  have  been  jhe  foe 
but  iincc  there  is  no  real  concurrence  of  then 
this  point  is  termed  the  imaginary  focus  of 
concave  lens,  and  fomctimes  the  point  of  djfj 
J/on,  as  the  refrained  rays  feem  to  diverge  from  I 
point. 

Concave  glafli  $  have,  therefore,  no  real  ft 
point ;  but  one  that  is  imaginary,  uhofe  difla 
A  o,  however,  is  termed  the  focal  diftancc. 

When  the  objeft  O  P  i?  at  an  infinite  difl?: 
the  imaginary  image  o  p  is  reprefented  at  the  i 
diftancc  of  the  concave  lens,  and  on  the  fame 
a*  the  objeeft ;  but  though  this  image  is  imagin 
the  eye  is  atfc&cd  in  the  fame  manner  as  if 
rays  proceeded  from  that  point. 

When  the  objeQ.  is  nearer  the  glafs,  the  in 
op  alfo  approaches  it;  but  fo  that  the  imag 
always  nearer  the  glafs  than  the  objeft  ;  where* 
convex  glafTcs  it  is  fuithcr  from  the  lens  than 
object.  To  make  this  clearer,  let  us  fuppofe, 
the  focal  diftancc  of  the  concave  lens  be  6  inc 
the 
DijlanccofthcobjcttO  A. 

Infinite 
30 


1 

3 


Dijlance  of  the  image  C 
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The  -fame  rule  as  I  gave  you  before  deter- 
nes  the  fize  of  the  image,  by  drawing  a  line 
m  the  center  of  the4  glafs  to  the  extremity  of 
:  objed,  which  will  pafs  by  p,  the  extremity  of 
1  image  ;  this  image  is  not  inverted.  Indeed,  it 
1  general  rule,  that  the  image  is  always  upright 
len  it  is  on  the  fame  fide  of  the  glafs  as  the  object. 
le  figure  fhews  you,  evidently,  that  in  concave 
ifles  the  image  is  always  lefs  than  the  objeft. 

You  may  now  fee  why  concave  glafles  are  of' 
ch  ufe  to  ihort-fighted  perfons,  or  thofe   who 
ly  fee  near  objeds  diftindlly  ;  for  they  will  re- 
cfent  difiant  obje<5ls  to  them  in  the  fame  manner 
if  they  were  really  very  near. 

A  menifcus  has  the  properties  of  a  convex  lens, 
icn  the  inner  radius  is  the  greater,  and  of  a  con- 
ve  when  the  inner  radius  is  the  fmalleft.  If  the 
0  furfaces  are  concentric,  it  has  the  properties: 
neither ;  for  the  rays  will  then  emerge  parallel.* 
the  radius  of  convexity  be  lefs  than  the  radius- 
concavity,  then  the  menifcus  will  have  all  the 
>pcrtics  of  a  convex  lens  of  the  fame  focal  dif- 
ice.  If  the  radius  of  the  concavity  be  lefs  than 
:  radius  of  convexity,  then  the  menifcus  will 
ft  all  the  properties  of  a  concave  lens,  whofc 
al  diftance  is  the  fame. 

When  any  /mall  objeff,  or  any  point  of -that  ob- 
h  is  fee n  by  ref rafted  light  %  it  appears  in  the  di~ 
lion  of  that  line,  which  the  rays  defcribe  after 
rir  laft  ref rati  ion. 

If  the  rays,  that  come  from  any  fmall  objedt, 
is  through  a  glafs  prifm,  of  which  A  C  B,  jig.  6, 
'  '  is  a  fedion,  the  ray  DE  will  be  refradedto- 

i-neroenHirnlar     when    ir    enter*  the    nrifm  . 
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P  will  be  feeit  at  L,  inftead  of  D  j  for  in  rhis  and 
all  other  cafes  of  the  fame  fort,"the  pi&ure  of  th 
bbjed  on  the  retina  will   be  in  thte  fame  pu 
that  it  Vould  have  been  if  the  eye  had  been  n 
Jooking  at  ah  objed  placed  at  J^;    for  the  i 
fradion  gives  the  ray*  the  fajtie  direction  as  i 
they  had  come  originally  from  L.  I 

From   hence* we  underftand  why    an  objri 
feen  through  a  multiplying  glafs,  or  through  a  glali 
that  is  cut  into  different  mrfaces  inclined  to  one 
another,  appears,  at  one  view,  in  many  different 
places.'  It  the  objed  F  is  feen  through  the  gb 
ja  b  c  d,  fig.  rj,pl.  3,  by  the  ray  A  \i3  that  pa  fib 
through  thp  furface  c  b,  the  objed  by  the  c 
A,  will  be  feen  at  B,  the  ray  D  d  pa  lies  through  th 
furface  e  d,  and  when  it  is  refraticd  comes  to  th 
eye  in  the  diredion  A  D,  as  if  it  proceeded  fron 
J),  and  therefore  the  objed  appears  at  D ;  and  fo 
the  fame  reafon  through  the  furface  a  b;  it  appeal 
at  C;  consequently  there  will  be  the  appearance  of 
as  many  objeds  as  there  are  fuch  fitrfaces  on  thfc 
glafs,  for  each  of  them  (hews  the  fame  objed  in  a 
different  place,     If  fuch  a  glafs  be  fhaken  before 
the  eye,  the  objeds  on  the!dther  fide  WiH  appear 
alfo  to  (hake,  as  the  fituatioij  of  the  ray  by  which 
it  is  feen  will  be  varied  with  every  motion  of  the 
glafs.  ■"*   '       ' 

In  refrailed  vifion,  it  is  not  the  objeEt  it/elf  wt 
fee,  but  the  loft  image  of  it,  ivfyich  corififts  of  all  tit 
imaginary  radiants,  or  points,  from  whence  the  rays 
appear  to  diverge  after  their  tajl  refratlion.     That 
you  may  the  better  underftand  what  I  here  mean  by 
the  laft  iirafge,  let  fig  \  1 2,  pi.  3,  be  an  objed  nearer  ft 
a  convex  lens  than  it's  principal  focus.     The  aM 
that  diverge  from  any  point  b  in  this  ob:-*"^™ 
by  palling  through  the  lenr,  be  mad' 
lefs,  <pd  the  imaginary. r*^«r  wiJT 
^ite:i  than  the  real  on< 
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when  they  have  gohe  through  the  lens,  will  not 
proceed  ftrait  forward  in  the  lines  g  k,  Ip;  but 
Vill  be  refraded  into  the  Iefs  diverging  dircftions 
gm,  In,  as  if  they  had  come  from  the  imaginary 
hdiant  e,  which  is  more  remote  than  the  real  one 
.k  The  fame  will  happen  to  the  rays  that  come 
from  a;  of  c,  or  any  other  point  in  :lie  objedl;  fo 
diat  there  will  be  fomewhere  behind  the  lens,  as 
ft  d  f,  as  many  imaginary  radiants  as  there  are 
ml  ones  in  the  object,  and  thefc  imaginary  ra- 
Kmts  taken  all  together  compofc  the  ljft  image, 
Arid  fince  all  the  rays  fall  upon  the  eye,  as  if  they 
lad  diverged  from  this  laft  image,  the  eye  will  be 
tffected  by  the  object  a  b  c,  juft  in  the  fame  man- 
ier  when  it  looks  through  the  lens,  as  it  would  be 
Without  the  leris,  by  an  object  in  all  refpedts  like 
lef,  or  as  it  would  by  the  laft  image,  if  without 
he  lens  the  laft  image  could  be  made  vifible ;  and 
>ecaufe  the  eye  is  affected  when  it  looks  through 
:hc  lens,  as  if  def  was  the  objedt,  and  not  a  be, 
herefore  we  fay,  that  it  is  not  the  objedt  itfclf,  but 
V%  laft  image  that  we  fee. 

This  is  univerfal;  in  rcfradtcd  vlfion  the  eye  is 
iffecfted  by  the  rays  of  light  after  refradtion,  as  if 
hey  had  come  not  from  the  object  itfelf,  but  from 
t's  laft  image,  which  confifts  of  all  the  imaginary 
radiants  from  whence  the  refracted  rays  appear  to 
liverge  at  the  time  they  fall  upon  the  eye, 

lo  wnd  the  Focal  Lengths  of  Lenses  by  Expe- 
riments. 

i.  When  the  focal  length  of  the  lens  does  not 
exceed  two  or  three  feet,  it  may  be  found  by  hold- 
ing the  lens  at  fuch  a  diftancc  from  the  wainfcot 
ittnafitc  a  window  fafh,  that  the  image  of  the  iafli 
""^upon  the  wainfcot,  and  thisdittance 
1  ^*  the  fcntxl  Jength  of  the  lens ; 

but 
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but  if  the  focal  length  is  long,  you  muft  compul 
the  focus  by  the  fublequent  rule 

RuL*. 

Meafure  the  diftance  between  the  lens  and  I 
obje&,  and  alfo  from  the  image  ;  multiply  the 
diftances  together,  and  divide  trie  produ<5i  by  thci 
fum;  the  quotient  will  give  the  focal  diftance,  0 
the  fquare  of  the  diftance  of  the  obferved  fccu 
divided  by  the  diftance  of  the  objedlfrom  the  image 
will  give  jhe  excels  of  the  obferved  focus  bcyc 
the  true  focal  diftance. 

a.  You  may  find  the  focus  by  making  a  ca 
die  the  object.  To  do  this,  move  the  lens  or  th 
candle,  and  the  paper  for  receiving  it's  image,  fo 
that  when  the  image  is  moft  diftincl  the  lens  may 
be  exaltly  between  the  other  two  ;  then  halve  dv 
diftance  between  the  object  or  it's  image,  and  the 
lens  is  the  focal  diftance, 

3.  If  a  final  1  hole  about  t  or  f  of  ait  inch  I 
made  in  the  window  (butter  of  a  darkened  room, 
and  a  lens  and  piece  of  paper  be  held  behind  this 
hole  at  proper  diftances,  the  place  where  the  image  | 
of  the  hole  is  diftindeft,  may  be  determined  veiy 
critically, and  from  thence  the  focal  length  maybe 
found  by  the  foregoing  rule. 

4.  By  the  fun's  image.    Place  the  lens  fo  that 
it's  axis  may  point  as  near  as  pofliblc  to  the  fiin; 
then  holding  a  paper  oppofite  thereto,  the  burning 
point,  or  where  the  image  of  the  fun  is  fmalieft; 
and  the  limb  moll  diitiiiet,   is  the  focus.     This 
method  is  futlicicniiy  accurate  for  fpcdtacle  giaffes 
and  reading  glafies,  and  fuch  as  are  broad  in  pro- 
pouion  to  their  focal  length  ;    but  will  not  anfircr 
lor  lenfes  of  a  long  locus,  unleis  they  are  fufficiently 
Io.m   id  exhibit   the  folar  fpois ;   becaufe  in  thrft— ■< 
tales  the  im:yjc  is  only  a  glare  of  light  wif 

,  difti" 


fjAtUAi  AND  P*OP£fcTlE$  QT  klGHf.         21$ 

iftifrftfthefs  •  but  the  ineonvttiieaces  may  be  removed 
y  the  following  method. 

5.  Cover  the  lens  with  a  piece  of  pafteboard 
t  pa^cr*  and  ftiake  twtf  round  holes  therein  at  an 
qtal  diftance  ffotn  the  edge  of  the  lens,  and  oa 
Hie  of  it's  diatneters.  The  lens  being  thus  covered, 
bifat  it's  axis  to  the  fart  i  now  if  a  paper  be  held 
rhind  the  lens,  you  will  find  the  two  circles  or 
rfiite  fpots  produced  by  the  two  holes,  gradually 
pJ>rtMch  nearer  to  each  other  as  the  paper  is  moved 
Jrther ;  at  laft  they  will  coincide ;  and  if  the  paper 
e  moved  ftill  further,  they  will  again  feparate. 
he  diftance  of  the  paper  from  the  glafs  when  the 
inrles  unite  being  mcafurcd,  gives  the  focal  dif- 
ince. 

*b  find  the  Focal  Lemctii  of  a  Concave  Lens. 

Let  the  lens  be  covered  with  paper,  having 
ro  fmall  circular  holes;  and  on  the  paper  for 
reviving  the  light, defcribe  alfD  two  fmall  circles, 
M  ifrith  their  centers  at  twice  the  diftance  from 
leh  Other  of  the  centers  of  the  circles.  Then 
iovc  the  paper  to  and  fro  till  the  middle  of 
ic  fun's  light,  coming  through  the  holes,  fall* 
taetly  on  the  middle  of  the  circles;  that  diftance 
f  the  paper  from  the  lens  will  be  the  focal  length 
rqutrcd. 

f©  find  the  focus  of  a  plano-convex  and  a 
Plano-Concave  Lens. 

By  fimilar  experiments  you  will  find,  i.  That 
the  focus  of  a  plano-convex,  or  of  a  plano-concave 
gUfe,  is  equal  to  a  diamgtcr  of  it's  convex  or  con- 
(Sfrte  fajrface,  that  is,  of  the  whole  fphcrc  it  b*- 

P*  2.  Tuat 
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a.  That  the  focal  diftance  of  a  double  con* 
vex  or  double  concave  glafs,  of  equal  convexities 
or  concavities,  is  equal  to  a  ilmi- diameter  of  cither 
of  it'«  furfaces;  and  confequencly  that  the  focal 
diftance  of  a  glafs  of  unequal  convexities  or  can* 
cavities,  will  nave  an  intermediate  length  between 
a  diameter  and  ferni-diametcr*  of  that  furface 
which  is  moil  convex  or  concave,    % 

TO  MEASURE  THE  FoCAi.  DtSTANCt  OF  Jk  GtOIt  0 

Water  and  or  Glai*» 

Take  a  hollow  globe  of  gtafs,  or  inftead  of  it 
a  thin  round  flaflt  or  decanter,  and  making  a  mo- 
derate round  hole  about  an  inch  diameter,  in  s 
piece  of  brown  paper,  pafte  it  on  one  fide  of  thi 
belly  of  the  decanter;  and  having  filled  it  with 
water,  hold  the  covered  fide  to  the  fun,  that  the 
perpendicular  rays  may  pafc  through  the  middle  of 
the  water,  and  the  emergent  rays  will  be  colkded 
to  a  focus,  whofe  neareft  diftance  from  cbe  decan- 
ter will  be  equal  to  the  femidiameter  of  the  belly 
of  it ;  as  will  appear  by  receiving  the  rays  upon  a 
paper,  held  at  that  diftance.     That  this  effed  is 
owing  to  the  water,  and  not  to  the  glafs,  will  be  evi- 
dent by  emptying  the  decanter;  for  the  light  that 
palfes  then  through  the  hole,  will  then  be  as  broad 
as  the  hole  itfelf,at  all  diftances  of  the  paper  from 
the  decanter.     If  a  fimilar  experiment  be  tried, 
with  a  folid  globe  or  ball  of  glafs,  the  diftance  of 
the  focus  from  the  neareft  part  of  the  ball  will  be 
one  quarter  of  it's  diameter. 

To  find  the  Vertex  or  Center  or  a  Lens. 

Hold  the  lens  at  a  proper  diftance  fir--  -™ 
eye,  and  obferve  the  two  reflected  images  « 
die  made  bv  the  two  fur'  %  love  tl 
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thefe  images  coincide,  and  that  point  is  the  ver- 
tex ;  and  if  this  be  in  the  middle  of  it's  furfacc, 
the  glafs  is  truly  centered,  otherwifc  it  is  not. 

The  theory  of  real  images  is  eafily  illuftrated 
by  experiment.  For  this  purpofe  I  lhall  draw  a 
long  line  on  the  table,  and  place  this  convex  lens 
at  A,  Jig.  -7,  pi.  2,  whofe  principal  focus  are  at 
F  and  f.  Now  fet  off  thefe  diftanccs  on  each  fide 
of  A,  and  then  fet  off  the  diftance  A  F  on  the  part 
of  the  line  A  B,  marking  the  parts  fo  fet  off,  1, 2, 
3,  4,  &c.  On  f  D  make  f  1  equal  to  A  f,  and  divide 
it  into  fj.,  f T,  fi,  &c.  fo  that  thefe  parts  be  re- 
fpedtively  equal  ^  i,  ±,  &c.  of  f  1  or  A  f.  This  done, 
let  us  darken  the  room,  and  place  a  lighted  candle 
over  the  di virion  marked  2;  the  image  of  the  can- 

•  die  will  then  be  feen  diftintft  but  inverted,  upon  a 
paper  held  over  the  correfponding  fraction  on  the 
other  fide  at  £.  If  you  place  the  candle  at  3  or  4, 
the  paper  for  receiving  the  images  mull  be  held 

<over  i  or  i,  &c.  So  that  if  the  candle  be  moved 
from  a  to  an  infinite  diftance,  the  whole  motion  of 
the  image  will  be  from  a  to  f ;  if  the  candle  be  at 
.1,  the  image  will  be  at  1  on  the  other  fide.     If  the 

'♦candle  he  brought  nearer  to  F,  the  motions  of  the 
image  and  candle  will  be  reciprocal  to  what  they 
-were  before.  But  if  the  candle  be  placed  any 
where  between  F  and  the  lens,  there  will  be  no 
image  formed. 

Of  theDegreesofBrightness  and  Distinctness 
of  an  Image. 

Whatever  be  the  fhape  and  magnitude  of  the 
hole  in  the  paper  that  covers  part  of  a  lens,  the 
Jhape  and  magnitude  of  the  image  will  be  the  fame 
^ns  is  uncovered;  becaufe  any  fmall 
*"  rays  has  the  time  focus  as  the 
^efs  of  the  pidure  will  be 
diminilhed 
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«Jiminifhed,  in  proportion  as  the  hole  in  the  covef 
is  diminiftied ;  becaufc  the  quantity  of  light  which 
illuminates  every  point  ofapi&ure  is  diminifliedin 
that  proportion. 

A  general  View  of  the  Properties  and  Phe- 
k0nf  ena  op  single  l.enses,  deduced  from  thl 
Principles  already  advanced.  * 

Let  R,F,  fig.  i,  ph  4,  be  conjugate  foci* 
P,  p,  theprincipal  foci.  By  conjugate  foci  are  meant 
two  points  fo  fituated,  that  either  of  them  being 
the  radiant,  the  other  will  be  the  focus. 

Then,  j.  Parallel  rays  falling  on  one  fide  of  a 
convex  lens,  A,  will  be  refradted  to  P,  or  p,  on 
the  other  fide,  fig.  i,  pi.  4. 

2.  Parallel  rays  falling  on  one  fide  of  a  con- 
cave lens,  A,  fig.  2,  pL  4,  will  by  refra&ion  diverge 
from  P,  or  p,  on  the  fame  fide. 

3.  In  a  convex  lens,  rays  diverging  from  P 
or  p,  fig.  r,  pL  4,  will  emerge  parallel  on  the  other 
fide. 

4.  In  a  concave  lens,  fig.  2,  pi.  4,  rays  con- 
verging to  p  or  P,  will  emerge  parallel,  going  oui 
on  the  fame  fide, 

5.  In  convex  lenfes,  rzy%%  fig.  \,pl.  4,  diverging 
from  R  beyond  P  will  converge  to  F  beyond  V, 
and  the  contrary. 

6.  In  convex  lenfes,  rays  diverging  from  R, 
fig.  3,  pL  4,  which  is  nearer  P,  will  diverge  from  P 
on  the  fame  fide  with  R. 

7.  In  convex  lenfes,  rays  converging  to  F,  fg< 
4,  pi.  4,  will  by  rcfradtion  converge  to  R,  nearer 
than  P  or  f. 

8.  In  concave  lenfes,  rays  converging  to  R,  fig. 
2,  pi.  4,  beyond  P,  will  diverge  from  F  beyond  p, 
and  the  contrary. 

9.  In 
•  £jnerfon'»  Elements  of  Optics,  p.  105. 
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.9.  In  concave  lenfcs,  rays  converging  to  F, 
$g.  5  and  6,  pi.  4,  nearer  than  p,  will  by  refra&ioa 
converge  to  R  beyond  F. 

10.  In  concave  lenfes,  rays  diverging  from  R, 
fe-  7,  pi-  4,  nearer  than  p,  will  divei-ge  from  F 
nearer  than  p. 

1 1.  In  concave  lenfes,  rays  diverging  from  R, 
Jfi .  8,  pL  4,  nearer  than  p,  will  diverge  from  F 

nearer  Hill  than  p. 

A  menifcus  may  be  confidered  as  convex  or 
concave,  according  as  the  center  of  it's  inner  fur- 
face  is  further  off  or  nearer  than  the  center  of  the 
outward  fur  face. 

The  length  of  an  object  is  to  the  length  of 
Che  image  made  by  a  lens,  as  the  diftance  of  the 
,    object  from  the  center  of  the  lens,  to  the  diflance 
of  the  image  from  the  lens. 

The  area  of  the  object  is  to  the  area  of  the 
image,  as  the  fquare  of  the  object's  diftance  from 
the  lens  is  to  the  fquare  of  the  image's  diftance 
therefrom. 

A  convex  lens  magnifies  an  objedt,  when  it  is 
nearer  than  twice  the  principal  focal  diftance;  but 
[    if  further  off,  the  objed  is  diminilhed. 
{  A  concave  lens  diminifhes  an  objedt  in  all 

\    cafes. 

■  If  the  object  and  it's  image  be  both  on  the 

!  fame  fide  of  the  lens,  the  image  will  be  erett :  if 
I  they  be  on  different  lides,  the  image  will  be  /«- 
I    verted. 

j  When  the  object  and  image  arc  on  different 

I  fides  of  the  lens,  as  the  object  approaches  the  lens, 
I  the  image  recedes  from  it ;  or  if  the  objedt  recedes* 
1    the  image  approaches. 

If  the  object  and  image  be  both  on  on*  fide  of 
'*bjeCt  moves  towards  the  lens,  the 
■rds  it ;  and  the  contrary. 


3jcc: 
will 

may 
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In  a  convex  lens,  if  the  object  be  beyond  the 
principal  focus,  it's  image  will  be  on  the  other 
iidc  of  the  glafs,  and  inverted.  But  if  theobjaft 
be  nearer  than  the  principal  focus,  the  image 
be  on  the  fame  fide  of  the  glafs,  and  crcft. 

The  di fiance  and  magnitude  of  the  image 
be  increafed  at  plcafure,  by  caufing  the  objed  to 
approach  the  principal  focus- 
In  a  concave  lens,  the  objeft  and  image  arc  2}- 
ways  on  one  fide  of  the  lens. 

The  image  made  by  a  lens,  becomes  vifibto 
by  placing  the  eye  to  receive  the  diverging  rays 
going  from  the  image,  at  a  proper  diftance  for 
dilttnd  vifioifc 

The  image  formed  in  the  air  by  a  lens,  may 
not  only  be  feen  by  the  eye  placed  in  the  diverging 
rays,  but  it  may  alfo  be  fecn  upon  a  piece  of  paper 
placed  at  the  focus. 

If  an  object  be  placed  at  the  principal  focus 
of  a  lens,  it's  apparent  magnitude  at  any  place 
beyond  the  lens  will  be  invariably  the  fame,  and 
equal  to  the  apparent  magnitude  when  fecn  from 
the  center  of  the  lens  with  the  naked  eye;  fo  thai 
the  apparent  magnitude  of  an  objert  placed  in  the 
principal  focus  will  continue,  whether  the  eye  be 
moved  nearer  to  or  further  from  the  lens. 

The  nearer  the  eye  is  to  a  lens*  the  more  of 
the  objedt  appears;  the  farther  off,  lefs  of  it  is  per- 
ceived. 

If  the  object  be  nearer  than  the  principal 
focus,  it's  apparent  magnitude  grows  lefs  in  going 
from  the  glafs.  If  the  objed:  be  further,  the  ap- 
parent magnitude  is  increafed,  when  the  eye  goc* 
further  from  the  glafs.. 

If  the  eye  be  fixed  at  the  principal  focus,  the 
apparent  magnitude  of  an  object  will  be  invariably 
the  fame,  wherever  the  object  is  placed  beyond  * 
glafs. 


*\ 
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If  the  eye  be  fixed  at  a  lefs  diftance  than  th» 
principal  focus,  the  apparent  magnitude  of  ap. 
bbje&  is  diminifhed,  though  by  flow  degrees,  as  it 
is  removed  from  the  Tens/ 

If  .the  eye  be  '  fixed  at  a  greater  diftance 
than  the  principal  focus,  the  apparent  magnitude 
,of  ah  objelt  is  increafed,  as  it  is  removed  from 
the  glafs,  till  it  comes  to  the  conjugate  focus  in 
itfpedt  to  the  eye,  and  then  it  becomes  infinite  and 
cpnfufed,  and  begins  to  be  inverted,  and  going 
further  off  is  again  dinniiifhed. 

lif  the  eye  and  the  objcEl  be  fixed,  and  a  conr 
cave  lens  be  moved  from  cither  of  them  to  the 
other,  the  apparent  magnitude  of  the  objedfc  will 
decreafe  to  the  middle,  and  then  increafe  again. 

The  brightnefs  of  an  image  formed  by  a  Ien$ 
from  a  luminous  objedt,  will  be  as  the  area  ot  the 
lens  diredtly,  and  the  fquare  of  the  diftance  reci- 
procally, 

Though  thp  brightnefs  of  the  image  increafes 
*ith  the  area  of  the  glafs,  the  diftin&nefs  de- 
creafes ;  for  it  is  only  the  rays  very  near  the  vertex 
that  arc  refradted  to  a  (ingle  point  in  the  pi&ure ; 
thofe  that  arc  farther  off  deviate  more  and  more, 
and  thus  render  the  pi&ure  confufed. 

Other  phenomena  of  lenfes  will   be  confi- 
dcred  in  the  courfe  of  thefe  Leftures,  which  can- 
not be  fo  well  treated  of  till  I  have  explained  the 
flaturc  of  vifion.  You  now  begin  to  be  acquainted 
Wl  A  the  properties  of  another  fubtil  agent,  whofe 
J?articles  are  immenfely  minute,   whofe  progrefs 
?s  aftonilhingly  rapid,  whofe  power  and  influence 
^  beyond  comprehension,   maintaining  an  inter- 
:ourfc  between  fyftems,  and  diifufing  numberlefs 
wflings  in  it's  progrefs. 

You  have  feen  that  a  body,  fit  to  reflect  light 
--^urt,  when  r*-~A  in  the  light,  not 

"  11  upon  it,  to 
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die  luminous  body  by  which  it  was  enlighrened, 
out  fends  the  pi&ure  of  itfclf  quite  round  the  he 
mifphcre  is 4I1  dife&ions,  and  to  every  point.  Place 
*  a  thoufand,  a  million  of  fuch  bodies  near  each  other, 
C3ch  perform*  the  fame  operation ;  the  rays  of  light 
•nd  their  colours  come  inflantancous  to  the  (pec? 
tattat**  eye. from  each,  without  being  difturbtd  or 
diverted  in  their  paflage  by  the  nam  be  He  fa  rays  "re- 
turned in  different  directions  by  other  contiguous 
podres.    You  have  feen'the  vehemence  with  which 
this  agent,  whofe  parts  are  fo  won  dci  fully  minute, 
ads  when  it's  rays  arc  collected  by  the  burning*gla(s 
that  no  terrcftrial  fub  fiance  was  capable  of  with* 
Handing  it's  eflFcds  without   being  deft  toy  nl,  Of 
Jecompofed*  Some  of  the  effects  produced  by  glaflh 
of  different  figures,  have  been  explained  to  you. 
%  You  halve  alfb  ieen  obje&s  fccmingly  fufpended  in 
•  the  air,  where  nothing  was  to  be  found  that  was 
fenfible  to  tHe  touch.    In  the  camera  ohfeura,  you 
few  nature  draw  her  own  picture  inverted,  and  in 
miniature :  you  faw  a  pidure  painted  in  a  moment 
with  a  beauty,  a  vivacity,  and  foftnefs  of  colours, 
that  would  make  a  landscape  drawn  by  the  firftar- 
tifts  appear  faint  and  languid :  the  pidure  of  the 
camera  was  animated,  the  trees  were  agitated  by 
the  w  inds,  the  flocks  bounded  upon  the  lawn,  and 
the  fun-beams  played  upon  the  water :  and  you  learnt 
that  all  thefe  Icencs  depended  upon  the  refraflhn 
of  the  rays  of  light,  and  were  made  acquainted 
with  the  laws  of  this  refra&ion.  In  the  xviith  Lec- 
ture you  will  fce  t*lc^c  *aws  applied  to  explain  the 
nature  of  vifion. 

I  cannot  flnilh  this  Lecture  without  pointing 
out  to  you  the  *n*loSY  between  the  light  of  revela- 
tion, and  the  light  of  the  hcavcn* :*  the  fimilitud^ 
i»  fuch,  that  lbc  lanSua8e  belonging  to  one 
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with  great  propriety  be  transferred  ro  the  otlur. 
As  the  fir/I  i  e  cf  religion  was  revealed 

fo  the  'trial  iig  created  by  ) 

God,  who  alone  is  the  living  li^hc  of  Ipirit,  fou'f 
and  fentiment ;  the  perpetual  fountain  of  every 
ftrcajn  of  beauty  and  ttutn  \  at  laid,  Let  therK  be 
ucht;  and  inftantly  the  intern)  ty  of  his  ever-living 
light  kindled  up  an  externityof  corporeal  irrad 

n,  that  has  it's  effluence  from  him,  and  cannot 
beam  but  by  him. 

Though  the  folar  light  is  perpetually  (hining 
forth,  itfalisvery  unequally  on  the  world:  in  Come 
places  the  day  is  equal  to  months,  in  others  it's  du- 
ration is  only  that  of  a  few  hours.  It  comes  pure 
from  it's  fource,  but  often  meets  with  a  foul  at- 
roofphere  in  it's  courfe  that  obfeures  it,  and  changes 
it's  direction.   It  fhewi  many  things  different  from 

R'hat  they  arc,  but  never  misleads  any  one.  It 
lines  indifferently  on  all  objects,  is  totally  rejected 
y  fomc,  tranfmittcd  by  others,  bent  and  diftortcd  by 
a  third  kind,  and  ufefully  imbibed  by  a  fourth.  It ' 
U  the  means  of  the  know  ledge  of  many  things,  yet 
it's  own  nature  is  but  little  known.  It  enlightens 
and  enlivens  the  world,  and  promotes  the  vegeta- 
tion of  poifon  as  well  as  of  wholcfome  food. 

Is  not  all  this  equally  true  of  the  light  of  reve- 
lation, as  of  material  light?  They  that  cenfure  the 
one,  may  find  pretences  equally  ftrong  to  traduce 
the  other;  and  whatever  objections  the  infidel 
)ints  againft  the  fcriptures,  will  be  found  to  ap- 
Iy  equally  ftrong  againft  the  mamfeftation  of  God 
in  the  vifible  courfe  of  natuce. 


LECTURE 


j?«4     Lecture*  on  Natural  PprLptatP*?;' 


LECTURE    XVI.  * 

■  I* 
Or  Catoptrics.  * 

AFTER  having  explained  to  you,  as  concifdj .iA 
as  I  am  able,  the  laws  of  rcfradion,  and  theH 
effcd  produced  by  thefe  laws;  I  (hail  proceed  * 
to  explain  the  dodrine  of  catoptrics,  or  that  part  j 
<£  optics  which  treats  x>f  the  refitBton  of  light.  Voir; 
will  here,  among  other  things,  learn  how  the  figure  ' 
of  a  man  fix  feet  high  is  feen  in  a  glafs  mirror  not  c 
above  three  feet;  how  in  a  convex  mirror  figures*' 
are  reduced  to  a  Lilliputian  fize,  and  in  a  concave 
mirror  expanded  to  a  gigantic  fize;  wonders  that 
the  curious  would  wifh  to  comprehend,  and  the  in-  ' 
experienced  to  examine.  .       . 

Before  Newton  published  his  difcoveries  con- 
cerning the  nature  and  properties  of  light,  it  was 
a  principle  generally  received,  that  the  rays  of  light 
were  refleded,  as  other  bodies,  by  ftriking  on  their 
folid  and  impervious  parts,  as  you  fee  a  marble 
bound  when  ftruck  upon  the  pavement.  Newton 
taught  mankind,  that  the  particles  of  light  are 
turned  back  before  they  touch  the  refleding  body, 
by  fome  power  which  is  equally  difFufed  all  over 
the  furface  of  the  body. 

If,  fays  he,  the  rays  of  light  were  refleded  by 
impinging  on  the  folid  parts  of  bodies,  their  re- 
ffedtions  from  folid  bodies  could  not  be  fo  regular 
as  they  are;  for  however  polifned  the  fmootheft 
objed  may  feem  to  our  fight  and  touch,  yet  it  is 
in  fad  one  continued  afibmblage  of  inequalities. 
For  in  polifhing  glafs  with  fand,  putty,  or  tripoly, 
it  is  not  to  be  imagined,  that  thofc  fubftancear* 
by  grating  and  fretting  the  glafs  bring  a"' ' 
particles  to  an  accurate  polifh,  fo  that ; 
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ices  lhall  be  truly  plane,  or  truly  fphcrical,  and 
Dok  all  the  fame  way,  or  compofc  one  even  fur- 
ice.  The  fmaller  the  particles  arc,  the  fmaller 
rill  be  the  fcratches  by  which  they  continually 
rear  away  the  glafs  until  it  be  polifhed;  but  be 
hey  ever  fo  fmall,  they  can  wear  away  the  glafs 
tootherwife  than  by  grating  and  fcratching,  and 
ireaking  the  protuberances,  and  therefore  polifn 
t  no  otherwife  than  by  bringing  it's  roughnefs  to 

very  fine  grain,  fo  that  the  fcratches  and  frettings 
f  the  furface  become  too  fmall  to  be  viiible.  From 
jeh  a  furface  it  cannot  be  fuppofed,  that  rays  will 
c  refle<fted  with  fuch  uniformity  as  we  ufually  ob- 
ervc :  on  the  contrary  it  is  highly  probable,  that  if 
ight  were  refledlcd  by  impinging  on  the  folid  parts 
f  glafs,  it  would  be  fcattcred  as  much  by  the  moil 
xriifhed,  as  by  the  rougheft  furface. 

It  is  therefore  a  problem^  how  glafs  polifhed 
iy  fretting  fubftances,  can  reflcdt  light  in  lb  rcgu- 
ira  manner;  and  this  problem  is  fcarce  otherwise 
0  be  folved,  than  by  faying  that  the  reflection  of 

ray  is  not  effected  by  the  reflecting  body,  but  by 
xne  powrer  of  the  body  which  is  regularly  dilFufed 
II  over  it's  furface,  and  by  which  it  adts  upon  the 
iy  without  immediate  contact,  fo  that  it  is  rc- 
c&ed  before  it  arrives  at  the  furface. 

A'  ray  of  light  can  fall  but  two  ways  upon  a 
irror,  that  is,  either  perpendicularly  or  obliquely; 
id  experience  has  proved,  that  when  light  is  re- 
idled,  the  angle  of  reflexion  is  alzvays  equal  to  the 
igle  of  incidence.    Thus,  fuppofe  a  b,  jig.  25,  pi.  1, 

be  the  furface  of  a  plane  mirror,  If  a  ray  of  light 

r  falls  perpendicularly  thereon,  it  is  reflected  in 

c  fame  direction,  making  ftill  a  right  angle  with 

e  mirror.    If  it  falls  in  an  oblique  direction,  Sec. 

•efletted  in  the  direction  c  d,  making  with  the 

"'andeb  oerfectly  equal 

\  fctt\\ 
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I  (hall  prove  this  to  you  by  two  experiments* 
fir  ft,  I  (hall  let  a  ray  pafs  through  a  hole  into  a  dark 
chamber,  and  fall  obliquely  upon  a  plane  mirror; 
you  will  find,  that  at  equal  diftances  from  the  point 
of  refle<5iion,  the  incident  and  reflected  ray  will  be 
the  fame  height  from  the  furface. 

It  is  more  accurately  proved  by  the  brafs  cir- 
cle ufed  before,  %.  5,  />/.  2.  I  place  the  two  radii 
at  equal  angles  from  the  diameter:  now  if  you  look 
through  the  hole  or  fight  down  upon  the  center  of 
the  mirror,  you  will  fee  the  point  of  the  other  ra4ii  \ 
which  proves,  that  the  ray  which  comes  from  that 
point  is  reflected  from  the  center  of  the  mirror  to 
the  eye,  in  the  fame  angle  in  which  it  fell  on  the 
minor. 

This  axiom,  that  the  angle  ofrefleflion  is  always . 
equal  to  the  angle  of  incidence ,  holds  good  in  eveiy 
cafe.of  reflection,  whether  from  plane  or  fpherical 
furfaces,  and  that  whether  they  are  convex  or  con- 
cave. 

All  refleftion  is  reciprocal.  If  the  ray  c  c,  after 
it  has  been  reflected  in  the  line  dc,  is  turned  back 
again  in  that  direction,  it  will  be'reflefted  intoec» 
therefore  if  deb  is  the  angle  of  incidence,  eac 
will  be  the  angle  of  reflection;  and  if  e  c*  be 
the  angle  of  incidence,  deb  will  be  the  angle  of 
reflection. 

This  general  law,  that  the  angle  of  incidence  is 
akvays  equal  to  the  angle  cf  refieftion,  is  the  founda- 
tion of  all  catoptrics,  and  is  fufficient  for  demon- 
ftrating  all  the  phenomena  thereof:  other  laws  are 
only  confequences  deducible  from  this  principle, 
or  applications  thereof  to  particular  effedts. 

With  reflected  as  with  refracted  rays,  it  isne- 
ceflary  that  fevcral  rays  (hould  act  at  the  fame  time, 
in  order  to  make  an  imprcflion  on  our  eyes;  thefe 
rays  may  be  difpofed  differently  with  refpedt  to  each 

other  1 
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mhcr  ;  they  may  be  either  parallel,  convergent,  or 
divergent;  and  the  furface  on  which  they  fall,  may- 
cither  plane,  convex,  or  concave.  Each  of  thefc 
mftances  we  ihall  confidcr  feparatcly- 

1.  Parallel  rays  failing  upon  a  plane  mirror  are 
al/ei  after  refltBion* 

The  parallel  rays  d  b,  c  a,  fig.  i,  pL  5,  are  re- 
ed from  the  furface  ab  to  hand  k,  making  rhc 
;lc  of  reflection  i  bh  equal  to  the  angle  of  inci- 
ice  fbd,  and  the  angle  of  reflection  gak  equal 
to  that  of  incidence  cac  ;  and  confequemly  from 
principle  of  geometry  the  two   rays  d  b,  ea, 
parallel  after  reflection, 

This  may  be  proved  alfo  by  letting  two  parallel 
(in  a  dark  chamber)  fall  upon  a  mirror;  and 
will  find  that  they  retain  their  parallclifm  after 
[edion  in  every  inclination  of  the  mirror. 

2.  ffben  incident  diverging  rays  arc  reflected 
frm  a  plane  mirror. 

The  diverging  rays  db,  ca,  fig.  2,  pi.  5,  are 
reflect ed  to  h  and  k,  and  have  the  fame  degree  of 
divergence  at  I  as  they  would  have  had  at  E.  If 
they  had  goneon  in  their  firft  direction,  the  points 
at  F  and  F  are  equally  diftant  from  the  points  of 
contact  a  and  b ;  therefore  the  divergence  of  the 
rays  is  the  fame  after  refection  as  before. 

3.  When  incident  converging  rays  falling  upon 
a  plane  mirror  are  refecled  therefrom. 

The  converging  rays  db,  ca,  fig.  3,  pL  5,  if 
the  mirror  were  not  interpofed,  would  meet  at  E, 
but  arc  lb  refle&cd  from  a  and  b,  as  to  make  the  an- 
gles of  refiedtion  g  b  k,  c  a  h,  equal  to  their  refpeo 
tive  angles  of  incidence  fbd,  eac,  and  unite  in  Ff 
1  point  at  the  fame  diftancc  from  a  and  b  as  the 
point  E:  their  convergence  after  rcftetlton  is  ihi 
fore  the  fame  as  before  it. 

Let  us  now  confidcr  a  convex  furface,  and  you 


find. 


1.  That 


4 

r 
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Wc  have  now  only  to  confider  the  direction 
"rays  of  light  when  reflected  from  a  concave  fur- 
ce  ;   and  here  you  will  find, 

1.  That  parallel  rays  are  by  reflcftion  made 
tverging. 

2.  That  converging  rays  become  more  conver- 
ts 

3.  That  diverging  rays  become  lejs  divergent. 
A  view  of  the  diagrams  is  fufficient  to  prove 

z  truth  of  thefe  propoiitions. 

Let  b  d,  fig.  7,  pi.  5,  reprefent  a  concave  mir- 
r;  the  rays  a  b,  c  d,  which  were  parallel  before 
Scdtion,  are  by  the  laws  thereof  made  to  con- 
rge  in  1. 

The  rays  ab,  cd,  fig.  8,  pi.  7,  which,  without 
c  interposition  of  the  mirror,  would  unite  at  m, 
:  thereby  fo  refle&ed  as  to  meet  at  1,  nearer  the 
ints  of  contact  b  d  than  m. 

Laftly,  the  rays  a  b  and  c  d,  fig.  9,  pi.  5, 
rich  before  reflection  were  divergent,  converge 
:er  reflection  meeting  at  o. 

From  the  principles  thus  laid  down,  it  is  eafy 
fee  what  will  be  the  cftedt  of  mirrors,  and  to 
plain  the  principal  phenomena  which  they  oc- 
Son.  By  a  mirror,  or  Jpcculum,  we,  in  general, 
an  any  fubftance  whofe  furface  is  fufficiently 
lifiied  to  reflc(5t  uniformly  the  greater  part  of 
1  rays  which  fall  upon  it,  and  to  exhibit  an 
age  of  the  objedts  placed  before  it.  They  are 
lcrally  divided  into  plain,  convex,  and  concave 
rrors  :  there  are  befides  thefe  conical  and  cylin- 
cal,  pyramidical  and  prijmatical  mirrors. 

Of  Plane  Mirrors. 

It  will  be  neceflary  here  to  remind  you  of 
at  has  been  already  mentioned ;  namely,  th 
»encil  of  rays  emanating  from  any  given  point 
Q  3  fpac 
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fpace,  is  the  means  by  which  the  fight  afiiircs  us, 

that  a  body  cxifts  at  or  in  that  point ;  it  is  plaU, 
therefore,  that  we  are  liable  to  deception  in  tbtf 
refped ;  for  if  the  pencil  be  fo  affeded  by  rc- 
flcdion  (or  rcfradion)  as  to  proceed  with  differ- 
ent divergency  or  diredion,  that  is,  in  the  fame 
diredion  as  it  would  have  proceeded  }f  coming 
from  fame  other  point,  the  fenfe  will  refer  the 
place  of  the  Qbjcd  to  the  point,  which  is  in  the 
diredion  of  the  laft  courfe  of  the  rays. 

In  a  plane  mirror  a  b,  fig.  10,  pi.  5,  the 
image  of  an  objed  c  appears  to  an  eye  at  e,  be- 
hind  the  mirror  in  the  diredion  c  g,  and  always 
in  the  inrcrfedion  g,  of  the  perpendicular  c  g,  and 
the  reflcded  ray  c  g,  and  confequently  at  g,  as  far 
behind  the  mirror  as  the  objed  c  is  before  it 
Wc  therefore  fee  the  image  in  the  fame  place, 
whercfocver  the  reflcded  ray  be  by  which  it  is  per- 
ceived ;  for  as  a  plane  mirror  does  not  alter  the 
relative  pofition  of  the  rays  which  fall  on  it,  the 
diverging  rays  proceeding  from  c,  arc  refleded 
towards  the  eye  e,  by  the  mirror  a  b,  with  the  fame 
degree  of  divergence,  and  have  their  imaginary 
point  of  unioa  g  at  the  fame  diftance  behind  thp 
mirror  that  c  is  before  it. 

For  the  fame  rcafon  a  plane  mirror  does  not 
change,  or  alter  the  figure  or  fize  of  objeds  ;  but 
the  whole  image  is  equal  and  fimiiar  to  the  whole 
objed,  and  has  a  like  iituation  with  refped  to  one 
fide  of  the  plane  that  the  objed  has  with  refped 
to  the  other;  for  the  converging  rays  Km,  Ln, 
fig.  n,  pi.  5,  proceeding  from  the  extremities  of 
the  object  It  L,  and  falling  npon  the  mirror  a  b, 
are  reflcded  towards  the  eye  e  with  the  fame  de- 
gree of  convergence,  and  confequently  fhew  the 
image  k  1  under  an  angle  equal  to  that  by  which 
the  objed  would  be  feen  from  the  point  i,  if  the 
parlor  were  not  interpolcd. 

From 
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From  what  has  been  explained,    it  follows, 
if  an  objedt  K  L  is  inclined  to  a  plane  mirror, 
'?*  image  k  1  will  be  inclined  thereto  in  a  con- 
*wry  direction. 

If  an  object  A  B,  fig.  12,  pi.  5,  be  placed  pa- 
Hel  to  a  plane  mirror  C  I),  and  at  the  fame  dif- 
icc  therefrom   as  the  eye  o  •    the    part    of  the 
lirror  C  D,  on  which  the  rays  A  C,  B  1),    from 
le  objedl  fall,  which  arc  reflected  to  the  eye,  will 
.  fcc  one  half  the  length  of  A  B.     For  the  image 
Seeing  as  far  behind  the  glafs  as  the  object  is  before 
"  »t,  the  rays  O  G,  O  H,  are  each  divided  at  the  mid- 
dle of  the  mirror  C  D,  and  confequently  where  they 
*>»ly  fpread  half  as  much,  as  they  would  do  at  double 
*licdiftance.  Therefore  to  fee  the  whole  of  an  objedt 
111  a  mirror,  the  length  and  breadth  of  the  mirror 
:-  ttiuft  be  half  the  length  and  breadth  of  the  objedt. 
Hence  if  the  length  and  breadth  of  an  objedt  be 
given,  it  is  eafy  to  determine  the  fize  of  a  mirror 
that  will  (hew  the  whole  of  an  objecft  when  placed 
at  the  fame  diftance  therefrom  as  the  eye. 

Hence  a  perfon  viewing  himfclt  in  a  plane 
looking-glafs,  placed  upright,  will  fee  his  image 
complete  in  a  part  of  the  glafs,  whofe  length  and 
breadth  is  equal  to  half  the  length  and  breadth  of 
;-  the  cowefponding  parts  of  his  own  body  ;  and  this 
■  will  be  always  the  cafe  at  whatever  diftance  he 
Hands  from  the  glafs. 

A  fpedtator  will  fceto-s  own  image  as  far  be- 
yond the  fpeculum  as  he  is  before  it ;  and  as  he 
moves  tQ  or  from  the  fpeculum,  the  image  will,  at 
the   fame  time,   move  towards  or  from  him  on 
the  other  fide  ;  but  apparently  with  a  double  ve- 
locity, becaufe  the  two  motions  are  equal  and  c6r 
trary.     In  like  manner,  if,  while  the  fpetfator 
at  reft,  an  objeft  be  in  motion,  it's  image  behin 
the  fpeculum  will  be  fcen  to  move  at  the  fanv. 
rate.     And  if  the  fpedator  moves,  the  images  ot 
objedls  that  are  at  reft  will  appear  to  approach,  c 

Q  4.  rcce< 
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from  the  extremities  of  the  objed,  thefe,  if  the 
mirror  were  not  interpofed,  would  converge  at  f ; 
but  are  rcfleded  by  the  mirror  Icfs  converging,  fo 
as  to  meet  at  i,  thus  forming  a  more  acute  angle; 
the  objeft  appears  fmallcr  than  it  would  have  done 
if  it  had  been  viewed  from  the  point  f.  2.  Tbe 
image  Joes  not  appear  fo  far  behind  the  rcflettin^ 
furface  as  in  a  plane  mirror.  Let  G,fig.  15,  pi.  5, 
be  a  point  of  any  objeft,  from  whence  a  diverging 
cone  of  rays  proceeds,  and  falls  upon  the  mirrors* 
thefc  rays  are  reflcdied  more  diverging,  and  have 
confequently  their  imaginary  focus,  or  point  of 
union  g,  much  nearer,  by  which  means  the  image 
appears  to  be  nearer  the  reflecting  furface  than  the 
objeft;  and  this  effect  increafes  in  proportion  to 
the  convexity  of  the  mirror.  Concave  mirrors 
Jiave  a  real  focus,  convex  mirrors  only  a  virtual 
focus,  and  this  focus  is  behind  the  mirror,  diftant 
therefrom  half  the  radius  of  it's  convexity. 

The  image  of  a  ftrait  objeft,  not  too  fmall, 
and  placed  parallel  or  oblique  to  the  mirror,  is 
feen  curved  in  the  minor,  becaufc  the  different 
points  of  the  objeft  are  not  all  at  an  equal  diftance 
from  the  furface  of  the  mirror.  The  point  o,  fig.  14, 
pL$.  for  example,  of  the  ohjeft  d  e  is  nearer  than  the 
reft  to  the  furface  of  the  mirror,  the  extreme  points 
d  e  arc  more  diftant ;  they  will  of  confcquencc 
be  reprefentcd  behind  the  mirror,  at  diftanccs 
proportional  to  thofc  at  whirh  they  arc  placed 
before,  whence  it  becomes  bent  or  curved. 

Of  Concave  Mirrors. 

I  have  already  (hewn  you,  that  it  is  the  pro- 
perty of  concave  mirrors  to  col  left  the  rays  of 
light  they  reflcft,  converging  parallel  rays,  in- 
creafing  the  convergence  of  thofc  that  arc  already 
converging,  diminifhing  the  divergence  of  di- 
verging 
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verging  rays,  in  fome  cafes  rendering  them  paral- 
lel, and  even  convergent.  Thcfe  effefts  arc  all 
in  proportion  to  the  concavity  of  the  mirror. 

The  point  where  the  rays  unite  is  called  the 
focus  of  the  mirror  ;  but  this  focus  is  not  the  fame 
for  all  kinds  of  incident  rays.  *  Parallel  rays  a  b, 
dc,  falling  upon  a  concave  mirror  mo,  are  re~ 
fle&ed  fo  as  to  unite  at  F,  jig.  16,  pi.  5,  which 
point  is  diftant  from  it's  furface  j  of  the  diameter 
of  the  fphere  of  the  mirror;  this  point  is  called 
the  focus  of  parallel  rays,  or  true  focus  of  the  mir- 
ror* Converging  rays,  fuch  as  f  g,  h  i,  are  reflect- 
ed more  converging,  and  unite  at  K,  between  the 
focus  of  parallel  rays  and  the  mirror.  Laftly,  di- 
verging rayt  proceeding  from  a  point  further  from 
the  mirror  than  the  true  focal  point,  asRm, 
Ro,  are  refle&ed  converging,  and  meet  at  a  point 
P,  further  from  the  mirror  than  the  focal  point 
of  parallel  rays.  But  if  the  point  K,  from  which 
jthe  diverging  rays  proceed,  is  nearer  the  mirror 
than  the  point  E,  they  are  diverging;  that  at  g 
would  proceed  to  f,  and  that  at  i  towards  h. 

The  focus  therefore  of  parallel  rays  is  at  one 
fourth  the  diameter  of  the  fphericity  of  the  mirror* 
The  focus  of  converging  rays  is  nearer  the  mirror 
than  that  of  parallel  rays ;  but  the  focus  of  diverg- 
ing rays  is  more  diftant. 

Plane  and  convex  mirrors  exhibit  their 
images  as  if  behind  the  mirror  and  ereft.  The 
^effedtof  concave  mirrorsis  different;  they  only  fhew 
the  image  behind  the  mirror  and  eredl,  when  the 
jobjeft  is  placed  between  the  mirror  and  the  focus  of 
parallel  rays,  and  then  the  image  is  larger  than  the 
objeft.  Let  A  B  fi% .  1 7,  />/.  5,  be  an  obje&  placed 
before  a  concave  mirror  E  F,  but  nearer  than 
focus  of  parallel  rays  :  the  two  rays  A  e,  B  f, 
the  ext  of  the  objedt,  if  the  mirror  wei 

interp  converge  in  d ;  but  are  reflt 
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>rc  converging,  and  unite  at  D,  an  J  there  form  a 
gcr  angle,  and  of  couric  exhibit  the  image  a  b 
gcr  than  the  object. 

This  image  appears  further  from  the  back-Wc 

the  mirror  than  the  objesft  does  from  the  fore- 

*e.    Let  A,  fig,  1 8,  pi.  5,  be  a  point  of  any  objttt 

otd  newer  the  mirror  than  it's  focus,  and  from 

eh  a  cone  of  diverging  rays   proceeds;  frhcfc 

i  be  reflected  Icfs  diverging,  and  therefore  have 

.ir  imaginary  focus  a    fun  her  off,    and  confe- 

cntly  the  image  will  fecm  at  a  greater  diftanu: 

liind  the  mirror,  than  the  object  is  from  the 

*iunt  of  it. 

But  if  the  object  be  further  from  the  mirror 
than  F,  for  example,  at  c3  fig.  18,  ph  5,  the  rays 
c  b,  ed,  diverging  but  little,  are  reflected  conver- 
gent, and  exhibit  the  image  at  E;  fo  that  if  the  eye 
o  recedes  far  enough  to  receive  the  diverging  rays 
from  E,  it  will  perceive  the  image  at  E  between 
itfclf  and  the  mirror.  The  reafon  is  plain;  every 
enlightened  point  of  an  object  becomes  vilible  by 
means  of  a  cone  of  diverging  rays  proceeding  there- 
from; we  ceafe  to  fee  it  if  the  rays  become  parallel 
or  converging,  which  happens  when  the  object  is 
further  from  the  mirror  than  it's  focal  point  F;  the 
eye  therefore  muft  recede,  till  the  rays,  having 
croffed,  become  divergent. 

This  image  is  always  inverted,  as  ba,  the  image 
of  B  A,  fig.  19,  pi.  5;  for  we  cannot  fee  the  whole 
of  an  object  A  B,  unlefs  diverging  rays  from  it's  ex- 
tremities fall  upon  the  eye ;  and  this  cannot  in  the 
prcfent  inftance  take  place  till  after  thefe  rays  have 
croffed  between  the  objedt  and  mirror,  by  which  of 
coarfe  they  are  inverted. 

I  (hall  endeavour  to  illuftrate  further,  byadia-* 
gram,   the  theory  of  the  foci  of  rays  reflect  J  L ~~ 
a  Ipru  rical  fpeculum.    Through  the  center 
fpcculum  A,  fig.  5,  pi.  6,  draw  an  ind< 
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BD;  bife&  O  A  in  F;  from  the  points  O  and  A, 

divide  the  lines  OB,  AD,  into  parts  each  equal  to 

OF  or  FA,  marked  by  the  figures  1,  2,  3,  4,  5,  &c. 

And  from  F,  take  on  each  iide  F  1,  Ft,  Ft,  Fi, 

&c.  each  equal  to  the  whole,  or  \,  \,  1,  &c.  of  FO, 

FA.    Now,  if  in  the  line  OB,  the  point  1  or  2,  3,4, 

&c.  be  the  focus  of  incident  rays,  the  correfpondent 

point  1,  or  t,  i,  i,  &c.  in  the  line  O  F,  will  be  the 

.  focus  of  the  reflected  rays.     And  vice  verja\  if  the 

laft  be  the  foci  of  incidence,  the  former  will  be  th© 

foci  after  reflexion.    In  like  manner,  if  1,  2,  3,  4, 

&c.  in  the  line  A  D  be  the  foci  of  incidence,  1,  i,  t, 

i,  &c.  will  be  the  foci  of  reflcded  rays ;  and  vice 

verfa :  fo  that  the  focus  of  incidence  and  rcfle&ion 

unite  in  O  and  A:  and  their  motions  from  Oand  A 

towards  B  and  F  in  the  one  cafe,  and  towards  D  and 

F  in  the  other,  are  exadly  fimilar,  F  being  the  focus 

of  parallel  rays  in  both  cafes. 

If  in  a  dark  room  a  lighted  candle  be  held  far- 
ther from  a  concave  fpeculum  than  it's  principal 
focus  F,  as  fuppofe  at  2,  it's  image  will  be  feen 
diftinft,  but  inverted  upon  a  white  paper,  held  at 
the  correfponding  point  {.  And  if  the  candle  be 
moved  to  or  from  the  fpeculum,  fo  as  to  retain  the 
diftinft  image  thereof,  you  will  obtain  an  ocular 
proof  of  the  theory  of  the  foci  of  incident  and  re- 
flected rays ;  when  the  candle  is  at  o,  the  paper  will 
be  there  alfo.  But  as  the  image  of  an  object  be- 
tween Fand  a  concave  fpeculum,  or  any  where  be- 
fore a  convex  one,  is  on  the  other  iide  of  the  jpc- 
culuin,  in  cither  cafe,  the  experiment  of  the  candle 
and  the  paper  cannot  take  place. 

The  appearance^  of  the  image  in  the  air  be- 
tween the  mirror  and  the  object,  ha*  been  produc- 
tive of  many  agreeable  deceptions,  which,  when 
exhibited  with  art  and  an  air  of  myftcry,  have  been 
ruccefsff  "  *  ~   Source  of  gain  to  many  of 

'■HI  pL-afcd  at  one  of 
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c  i  tions,  by  a  man  in  Bond-ftrcet,  where  a 

nca     ind  other  ohjedts  were  exhibited  in  this 

nc  Rich  a  way  as  to  furprizc  the  ignorant, 

i  ytL        t  dilguft   thofe    who  were    better  in- 

med* 

If  you  place  yourfelf  before  this  concave  mir- 

!  but  farther  from  it  than  the  focus*  you  will 

:  an  inverted  image  of  yourfelf  in  the  air  bc- 

ten  you  and  the  mirror,  but  you  will   find  the 

j    ;c  of  a  fmaller  fizc  than  vourfirlf.     If  you  hold 

your  hand  towards  the  n    rror,  the  hand  of  the 

will  come  out  towards  your  hand,  and  whea 

t  mi*  center  of  concavity  be  of  an  equal  fize  with 

;   and   you   may  fhake   hands  with   this   aerial 

tge*     If  you  move  your  hand  farther^  you  will 

d  the  hand  of  the  image  pafs  by  your  hand*  and 

ne  between  it  and  your  body ;  if  you  move  your 

h  either  fide,  the  hand  of  the  image  will 

move  towards  the  other,  the  image  moving  always 

contrariwifc  to  the  objeft.     All  this  while,  thofe 

who  are  by-tfandcrs  fee  nothing  of  the  image,  be- 

caufc  none  of  the  reflcded  rays  that  form  it  entci 

their  eyes.     To  render  this  effeft  more  furprizing 

and  more  vivid,  the  mirror  is  often  concealed  in  a 

box. 

This  plcafingand  fimple  experiment  has  been 
exhibited  as  an  illuftration  of  the  Newtonian  doc- 
trine of  fpace.  The  experiment  ihews,  that  by  an 
image  formed  in  the  air,  at  a  certain  diftance  be- 
tween a  concave  fpcculum  and  a  perfon  looking 
into  it,  exlcnjion  and  form  become  an  object  offenfeg 
where  there  exifts  neither  folidity  nor  fenfible  re- 
fiftance.  But  this  does  not  prove,  that  an  image 
can  be  formed  in  a  vacuum,  in  empty  fpace,  or 
where  there  is  no  matter,  unlefe  it  can  firft  be 
proved,  that  there  can  be  no  matter  where  w 
not  fenfible  of  refinance.  For  on  the  con* 
may  be  inferred  from  this  phenomena 
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%aces,  which  in  a  loofe  and  incorrctft  fcnfc  we  call 
empty,  are  as  full  of  matter  as  thofe  in  which  wc 
find  the  mod  folid  matter :  for  as  our  corporeal. 
Jcnles  can  be  only  afte&ed  by  matter,  they  arc  cer- 
tainly infallible  ftandards  for  determining  where 
•natter  is;  fo  that  you  may  be  as  aflurcd  of  a  full- 
me&  of  matter,  where  you  fee  any  thing  though  you 
cannot  feel  it,  as  you  would  be  certain  there  was 
natter  where  you  felt  it,  though  you  could  not  fee 
\  It,  or  though  it  were  of  the  nature  of  that  matter 
Co  be  invifible.  All  kinds  of  refie3ed  images  (hew, 
that  wherever  an  objedi  can  be  formed  to  imprels 
the  fenfes  of  fight,  there  muft  be  as  great  a  fullnefe 
of  matter  as  in  the  original  objeft,  from  whence  the 
image  was  carried  to  thofe  fpaces  where  it  is  again 
renewed. 

Mr.  Fergufon  mentions  two  pleafing  experi- 
ments to  be  made  with  a  concave  mirror,  which 
you  may  take  an  opportunity  of  trying  at  lcifure. 
If  a  fire  be  made  in  a  large  room,  and  a  fmooth 
mahogany  table  be  placed  at  a  good  diftance  near 
the  wall,  before  a  large  concave  mirror,  fo  that  the 
light  of  the  fire  may  be  reflected  from  the  mirror 
to  it's  focus  upon  the  table ;  if  you  ftand  by  the 
table,  you  will  fee  nothing  but  a  longifh  beam  of 
light;  but  if  you  ftand  at  fome  diftance,  as  towards 
the  fire,  you  will  fee  an  image  of  the  fire  on  the 
table,  large  and  eredt :  and  if  another  perfon,  who 
knows  nothing  of  the  matter  before  hand,  ftiould 
chance  to  come  into  the  room,  he  would  be  ftartled 
at  the  appearance,  for  the  table  would  feem  to  be 
on  fire,  and  by  being  near  the  wainfcot,  endanger 
the  whole  houfc.  There  fhould  be  no  light  in  the 
room  but  what  proceeds  from  the  fire. 

If  the  fire  be  darkened  by  a  fcreen,  and  a  large 

"i*.  be  placed  at  the  back  of  the  fcreen,  a  per- 

*w  the  candle  will  fee  the  appearance 

~  ir  1  *r   planet  ujpon  the 

to\Ae, 
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lenfes  and  concave  mirrors  form  an  inverted  focal 
image  of  any  remote  objeft  by  the  convergence  of 
the  pencil  of  rays. 

Concave  lenfes  and  convex  mirrors  have  alfc 
confidcrable  refemblance  in  their  properties*  ttey 
in  general  form  an  ere&  image  in  the  virtual  focm^ 
by  the  divergence  of  the  pencil  of  Ays. 

In  thofe  inftruments,  as  telcfcopes,  whofe  per- 
formances are  the  effedts  of  reflection,  thecorieafte 
mirror  is  fubftituted  in  the  place  of  the  convex 
lens,  and  the  convex  mirror  may  be  ufed  itiftad 
of  the  concave  lens;  but  their  difpofitiom  with  re* 
fpeft  to  each  other  muft  neceflarily 'differ  from 
thofe  of  lenfes,  on  account  of  the  opacity  of  the 
one,  and  the  tranfparency  of  the  other. 

The  following  curious  experiment*  by  Mr* 
King/  arc  too  important  to  be  parted  over;  befidci 
which,  they  have  an  intimate  relation  to  fome  of  the 
fubjetfs  already  treated.  Mr.  K.  placed  a  com- 
mon iize  candle  at  the  diftance  of  fix  feet  fromt 
concave  glafs  mirror,  two  feet  and  an  half  in 
diameter ;  and  at  the  diftance  of  feventeenfieet  three 
inches,  he  placed  a  fecond  glafs  mirror,  two  feet 
diameter ;  and  in  the  focus  of  this  glafs,  at  two 
feet  lix  inches,  he  placed  the  bulb  of  a  thermo- 
meter, graduated  with  Fahrenheit's  fcale.  In  five 
minutes  thequickfilvcr  in  the  thermometer,  though 
at  25  feet  9  inches  from  the  candle,  rofe  8  degrees, 
namely,  from  60  to  68;  on  being  removed  from  the 
focus,  it  fell  again  to  6.  That  it's  rife  was  nor 
occafioned  by  any  additional  warmth  in  the  rotim 
was  certain,  becaufc  another  thermometer  which 
was  in  the  room  did  not  rife  at  all  in  the  interval 
The  alteration  of  the  height  of  the  quickfilvcr  was 
therefore  folcly  owing  to  the  concentration  and 
convcrgcncy  of  the  rays  of  the  light  of  the  candle 
at  the  locus. 

He 

•  Sec  Morfcls  of  Ciiticifm,  by  F.  King,  ."Efij. 
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He  then  removed  the  candle,  and,  under  the 
fame  circumftanccs,  placed  a  little  wire  grate  4 
inches  in  diameter,  containing  3  pieces  of  lighted 
charcoal,  and  caufing  them  to  burn  bright  by  blow- 
ing a  common  pair  of  bellows,  the  thermometer 
was  again  placed  in  the  focus;  infix  minutes  it 
rofc  19  degrees,  from  60  to  79,  although  the  heat 
of  the  room  was  no  way  incrcafed  by  the  experi- 
ment, as  it  was  very  large.  One  remarkable  cir- 
cumstance attended  this  experiment,  which  was, 
that  there  was  very  fcnfibly  to  be  perceived  a  fmaJi 

I"  icrcafe  of  heat  the  whole  way  from  the  furface  of 
c  fecond  mirror  to  the  focus ;  whereas  when  the 
ys  of  the  fun  are  made  ufe  of,  no  fuch  increafe  of 
heat  at  all  is  ever  perceived  within  the  conical 
convergency. 

After  making  fevcral  limilar  experiments,  all 
of  which  concurred  in  proving  that  the  effect  was 
produced  by  the  rays  of  light  and  heat  from  the 
ignited  bodies,  Mr.  K.  placed  a  tea  urn  of  boil- 
ing water  in  the  place  of  the  charcoal,  at  the  dis- 
tance of  6  feet  from  the  firft  mirror,  and  placing 
the  thermometer  in  the  focus  of  the  fecond  mirror, 
in  the  fpace  of  five  minutes  the  quicklilver  rofc 
me  degree,  which  was  even  more  than  could  be 
eipected  ;  in  the  next  five  minutes,  the  thermome- 
ter advanced  one  degree  more,  and  yet  the  other 
thermometer  in  the  room  remained  Itationary;  in 
another  five  minutes,  the  fteam  cooling,  the  ther- 

P meter  began  to  defcend,  and  in  five  minutes 
re  the  quicklilver  fell  one  degree. 
The  refult  of  thefe  experiments  is  clear  and 
obvious:  That  fire  is  in  a  degree  fubjedt  to  the 
lame  kind  of  ^flexibility  and  refrangibtUty  •  with 
the  rays  of  light. 

R  2  If 

*  For  a  convex  lens  intcrpofrd  between  the  mirror  and  the 
ftcus,  augmented  the  tffcel  of  hciU 
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If  a  luminous  body  be  placed  in  the  focus  of 
a  concave  mirror,  it's  rays  will  be  refiefted  in  pa- 
rallel lines,  and  will  therefore  ftrongly  enlighten 
at  a  great  di (lance,  a  fpace  of  the  fame  dimenfion 
v  ith  the  mirror.  If  the  luminous  objeft.be  placed 
•nearer  than  the  focus,  it's  rays  will  diverge,  and 
consequently  enlighten  a  larger  fpace.  It  is  on  tl* 
•principle  that  reverberators  are  conftru&ed. 

But  few  articles  on  this  fubjeft  remain  fob 
difcuffed.  I  have  only  to  fliew  you  how  Id 
find  the  principal  focus  of  thefe  mirrors,  and  then 
give  you  a  concife  view  of  the  properties  we  hut 
already  inveftigated,  and  an  explanation  of  the 
various  phenomena  of  pictures  viewed  in  a  con- 
cave fpeculum. 

To  find  th£  Focal  Length  of  a  Spherical 

Speculum. 

ift.  For  a  Concave  Speculum. 

Place  the  fpeculum  fo  that  it*s  axis  maybe 
Ticarly  towards  the  center  of  the  fun.  If  the  fpe- 
culum be  concave,  find  the  burning  point,  or  re- 
ceive the  image  upon  a  white  piece  of  paper ;  and  the 
•diftance  between  the  focus  fo  found,  and  the  vertex 
■of  the  fpeculum,  is  the  focal  length.  Or,  cover  the 
■fpeculum  with  a  fhcet  of  opakc  paper,  in  which 
make  two  or  more  holes,  and  obferve  where  the 
-beams  of  .light  reflected  from  thefe  holes  unite, 
and  this  will  be  the  focal  diftance.  Or,  lafHy, 
place  the  fpeculum  at  the  end  of  a  long  table,  ina 
vertical  poiition.;  place  a  candle  at  the  oppofitc 
*nd  of  the  table,  fo  that  it's  flame  may  be  oppofitc 
to  the  vertex  of --the  fpeculum;  then  take  a  piece 
of  white  paper,  and  having  fixed  it.tg  a  ftick,  place 
the  ftick  in  the  locket  of  a  candlcftick,  fq  that  the 
paper  may  be  fupportcd,at  about  the  fame  heighl 
>ich  the  candle;    then   move  the  paper  or  th< 

•  candli 
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...jle  to  and  fro,  till  the  image  of  the  candle  on' 
,he  paper  is  exactly  over  the  candle  itfelf,  and  the 
point  of  coincidence  is  the  center  of  the  fpeculum. 

For  a  Convex  Speculum. 

k  two.  round  opake  patches  thereon,  and 
a  white  paper  parallel  to  rhe  fpcculum,  and. 
rve  where  the  fhades  of  the  patches  fall  upon 
as   at  G,H,   fig.  1,  pL  6;  meafure  exactly  the. 
iftance  AG,  and  the  diftance  betwixt  the  centers 
the  fhades  G/H,  and  between  the  centers  of  the 
tches;  then  GH— A  D(=e  H)  to  AD,  fois  AG: 
'=De)  to  A  F,  the  diftance  required. 

Or,  cover  it  with  paper,  having  two  pin  holes 
made,  one  near  each  edge  of  the  mirror;  expofe  it 
to  the  fun,  holding  another  paper  before  it,  having 
a*  hole  large  enough  to  let  the  folar  rays  paft> 
through  to  the  two  pin  holes.  You  will  fee  .two 
White  fpots  of  reflected  light  on  each  fide  the  hd 
move  the  paper  backward  and  forward,  till  thedif- 
tance  of  the  fpots  be  twice  the  diftance  of  the  hale* 
in  the  cover,  and  that  diftance  of  the  paper  fron> 
the  lens  is  the  principal  focus. 


General  Properties  of  Speculum*. 


To  fee  the  image  of  an  obje<ft  made  by  any 
fphcrical  fpecutum,  the  eye  muft  be  placed  in  the 
diverging  rays,  facing  the  image,  and  at  a  proper 
diftance  for  diftinxft  vifion. 

If  the  eye  be  placed  near  the  fpcculuro,  ]n 
the  converging  rays  before  they  reach  the  una; 
it  will  perceive  the  image  of  the  objeA*  beyond 
ifs,  and  at  the  fame  diftance'  nearly  as  the 
object  is  before  it,  and  of  the  fame  magnitude.    * 
If  an  im^e  be  viewed  with  both  eyes,  placed 
j  neaj  the  image,  and  in  the  diverging  1 

R  3  cither 
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either  it  will  not  be  feen  at  all,  or  it  will  appear  t 
dQubJe;  for  the  axes  of  the  eyes  cannot  both  be  [ 
diredted  to  an  objedl  extremely  near. 

Though  an  eye  cannot  fee  an  image  in  the 
»ir,  except  it  be  placed  in  the  diverging  rays  i.. 
yet  if  that  image  be  received  on  a  white  paper,  it 
m^y  be  fcen  in  any  pofition  of  the  eye.  For  the 
rays  reflected  from  the  mirror  to  the  image*  and 
beyond,  fiow  but  in  th*t  one  direction;  but  vhei} 
the  image  is  received  on  white  paper,  tfc;xaj«  t 
are  reflected  iij,  every  dire&ion.  '         ^n 

If  the  eye  be  moved  whilft  it  views  the  imager.'.: 
the  image  will  appear  to  be  moved;  for  rays  will 
come  fucceffively  to  the  eye  from  different  pointi. 
of  the  fpeculum! 

■  If  an  objeQ  be  placed  in  the  principal  focus  of  . 
a  concave  fpeculum,  it's  apparent  magnitude  to . 
the  eye,  at  any  place  whatfoever,  will  be  invariably., 
the  fame,  and  equal  to  the  apparent  magnitude  ta  \ 
the  naked  eye,  when  feen  from  the  center  of  tht. 
fpeculum.  Confequently  the  apparent  magnitude 
of  an  objeft  placed  in  the  principal  focus,  will, 
always  continue  the  fame,  however  the  eye  is 
moved  backward  or  forward  from  the  fpeculum. 

The  nearer  the  eye  is  to  the  fpeculum,  the 
more  of  the  oljjedt  appears,  and  vice  verfa. 

If  the  objedt  be  nearer  than  the  principal 
focus,  it's  apparent  magnitude  grows  lefs  in  going 
from  the  fpeculum ;  if  it  be  further  off,  it  increafes. 
The  apparent  magnitude  of  an  objeft  will  be 
invariable  wherever  it  be  placed,  if  the  eve  be  at 
f  be  principal  focus. 

When  the  rye  js  at  a  lefs  diftance  than  the 
principal  focus,  the  magnitude  of  the  objeft  de- 
creafes  as  it  is  moved  from  the  fpeculum. 

When  the  eye  is  fixed  at  a  greater  diftance 

than  this   focus,  the  apparent   magnitude   of  an 

objc#  increafes  in  going  from  the  fpeculum  till  it 

>>  arrives 
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yes. at  the  conjugate  focus;  then  it  is  all  con- 

on.     Afterwards  it  diminifhes  again,   and  is 

trted. 

.  A  face  in  going  from  a  concave  decreafes  to 

principal  focus,  and  then  incrcafes. 

)f  Pictures  seen  in  a  Concave  Speculum. 

".If  a  pi&ure,  drawn  according  to  the  rules  of 
fpedive,  be  placed  before  a  concave  fpeculum, 
ittle  nearer  than  it's  principal  focus,  the  image 
the  pitfure  will  appear  extremely  natural,  and 
y  nearly  like  the  real  one  from  whence  it  was  - 
en."  -For  not  only  the  objetfs  are  greatly  mag- 
W,  fo  as.  to  approach  nearer  their  natural  fize ; 
:  they  have  alfo  different  apparent  diit^ncesi 
MXiuch,  that  a  view  of  the  inlide  of1  a  church   • 
gars  very  like  a  real  church .;   and  landfcape 
hires  as  the  real  objects  would  do,,  fceu  from, 
loot  where  the  view  was  taken.     . 
^Thw  curious  phenomenon  will  be  in  agreftt  - 
iTujre  accounted  for,  by  attending'to  this  dia-    • 
in,  jig*  3,  pi.  6.     Where  the  curve  p  q  r  is  the 
metrical  image  of  the  ftrait  objed  P  Q  R*  or 
t  curve  which  contains  the  foci  of  all  the  penr  •• 

of  light  that  diverge  from  PR,  and  whofe 
ipafs  through  the  center  o  of  the  fpeculum 
tC,  after  their  reflection  by  that  fpeculum. 
writ  is  proved  by  geometry,  that  thegeomc- 
al  image  of  a  circle  facing  the  fpeculum,  and 
ife  center  is  at  Q,  and  whofe  diameter  is  P.  R, 
Lbe  a  hollow  figure,  formed  by  the  rotation  of 
furvepqr,  round  the  axis  Og.     If  this  hoi- 

Figure  is  hipjxjlcd  to  be  a  real    thing,  whofe 
fur  face  is  vp        Am  diftinguifhed  into  parts 
Mature  of  it  be 
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iftthe  f«mfc  ttanfler,  by  rays  coming  to  him  fn 
the  Di&use*  after  reflection  by  the  (pec  u  I  urn, .  w 
vould  by  raya  coming  to  him  diraftly  froni  i 
bellow  fgttre,  the  fpcculum  and  the .pifturc  being 
removed;  feftn.tbis  cafe,  i4^  ^//w  j%»» 
rtfr*  geometrical  mage  ef  the  pWare  upvn  (be  anl^ 
are  lnHlf  **i*ctde*t»  | 

Again,  the  geometrical  image  of  a  rccUn* 
gu)*r  ttraUefogmdft  A  R,    %.  4l  pi.  6,  pkd 
^tamRQRU,^  3,  will  be  alfo  a  hollow  f 
fcitt<tjpor«  lil».*  pyramid  with  four  fides,  ti 
th^^fifimw  dkfcruMd  by  the  rotation  of  the  cunt 
pX}*v  •  111  lUft  nmaner  a  leflcr  parallelogram  uiitw 
mtfet  former  **U  ^sve  (^e  image  of  11*5  fidwlike 
thdjfe  of  die  former,  hat  at  a  greater  djftancc;  awl 
la  like  wife  the  fides  of  the  fevera!  parallelogram 
cd»  e  f#  fcc*  wUI  have  their  images  in  a  feries  ont 
behild  the  Other*    the  middle  mart  being  fanheft 
<qfalls  fo  that  the  'geometrical  image  of  the  wkoii 
figure  docs  foinewhat  referable  the  fruftmm  oft 
hollow  pyramid  wJith  four  fides,  and  which,  oa 
account  of  the  greater  apparent  di fiance  of  tbt 
fmaller  or  middle  parr?,  appears  nearly  like  a  hoi 
low  prifm,  a  feftion  of  which  is  ps  t  r« 

Now  if  ps,  or  r  t,  be  the  length,  and  st,  of 
pr,  the  breadth  of  the  in  fide  of  a  church,  a  per- 
fpedlive  view  of  which,  from  O,  is  drawn  upon  the 
plane  PR,  th«  geometrical  figure  will  not  be  vta 
uillikc  the  church  itfelf-  For  the.pi&ure  upon  the 
plane  PR,  is  a  figure  properly  confiding  of  fevcral 
parallelograms  di-flninifhing  towards  the  middle, 
after  the  manner  of  thofe  above  defct  ibed  ;  and  i: 
the-pidure  be  not  too  large  in  proportion  to 
fize  of  the  fpeculum,  the  curvities  anting  from 
form  of  the  fpeculum,  will  not  be  very  confli 
able.  But  as  mod  of  the  pencils  of  Jignt  cb 
the  eye,  diverge  from  points  that  are  at 
tances,  their  different  divergencit 
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icicnt  for  determining  the  true  place  of  their 
and  the  apparent  image  of  si  blank  furface 
faced  at  PR,  will  not  appear  near  fo  concave  4$ 
ie  geometrical  ipiagc. 

Here,  however,  we  inuft  have  recourfe  to  fome 
caufe,  and  wc  (hall  find  many  concurring 
The  contiguous  parts  of  the  picture  of  the 
floor,  for  inftance,  form  a  long  feries  of  vifible 
images,  contiguous  likewile  to  one  another.  The 
images  of  the  remoter  parts  appear  alfo  at  the  fame 
time  fainter  and  fmaller,  becaufe  the  pictures  of 
the  remoter  parts' of  the  real  floor  diminifh  faftcr 
in  proportion,  than  the  apparent  diftances  of  the 
images  of  the  pi&urcs  incrcafe;  fo  that  from  all 
thefe  caufes  confpiring  together,  the  eye  receives 
much  the  fame  imprellion  as  if  it  looked  at  a  real 
floor;  in  both  cafes,  the  appearance  is  much  the 
fame;  a  long  extended  furxace,  a  little  dimiriifhed 
in  breadth,  and  that  gradually,  towards  the 
farther  end.  In  like  manner  the  walls  appear 
jcredfc  and  extended  on  each  fide,  and  the  roof  above 
facing  the  pavement;  and  all  gradually  inclining, 
after  the  fame  manner  as  a  large  room  appears  to 
the  naked  light  when  viewed  from  one  end.  Be- 
fides  the  above  helps,  the  window-lights  in  the 
fides,  the  fhades  of  upright  objedts  thrown  upon 
the  pavement,  &c.  in  the  pictures,  do  alfo  contri- 
bute thrir  fhare;  and  all  confpiring  together,  do 
fufliciently  outweigh  the  imperfections  of  the  geo- 
metrical image.  So  that  inftead  of  a  diftorted 
pidture,  we  fee  in  a  manner  a  real  church;  the 
great  magnitude  of  the  whole,  it's  vifible  conca- 
vity, and  proportionable  length  and  diftance  of 
parts,  all  contributing  powerfully  to  excite  this 
idea.  Landfcapcs,  &c.  arc  in  like  manner  furpriz,- 
ingly  improved  by  a  concave  fpeculum. 

Thefe  phenomena  appear  rather  more  perfect 
to  both  eyes  than  to  one  alone;  and  the  appear- 
ance 
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kc  will  be  the  fame  to  one  who  dots  not  know 
yhat  the  picture  on  the  paper  reprefents,  whi 
>roves  that  the  faid  phenomena  are  not  founcf 
jpon  mere  prejudice*  A  young  child,  who 
lever  fecn  any  thing  like  what  was  reprefentc 
Tiews  great  marks  of  joy  and  furprizc  upon  looking 
it  a  print  in  ft  concave  fpeculum.  It  it  can  be 
faid  that  nature  is  any  where  improved  upon, 
think  this  is  the  place;  for  if  the  print  or  pidu 
ye  finely  executed,  the  opportunity  wc  have 
viewing  it's  image  without  any  extraneous  light 
intruding  into  f+ie  eye,  is  an  advantage  wc  cannot 
~iave  when  wc  look  at  remote  objedU,  and  is  pro* 
du&ive  of  a  wonderful  effeft. 


Of  Vision  by  Light  reflected  at  a  Co 
Speculum. 


We  have  ve,ry  little  to  add  to  what  wc  have 
already  faid  on  this  fubjett.  In  a  convex  fpecu 
lum,  the  images  of  objects  are  always  fecn  erect,  a 
little  eonvexeel  towards  the  eye,  and  diminifhed* 
yet  pretty  nigh  to  the  fpeculnm ;  and  the  greater 
the  convexity,  the  nearer,  the  fmaller,  and  the 
more  convex  will  the  images  of  obje&s  be. 

If  the  fpeculum  be  a  pretty  large  frgment,  it 
will  exhibit  the  images  of  the  obje&s  that  are  pretty 
wide  afunder ;  fo  that  part  of  the  deling,  floor,  and 
two  fides  of  the  room,  may  be  feen  at  the  fame 
time,  the  whole  making  a  kind  of  pidurc 
agreeable  in  it's  effect;  and  the  nearer  the  eye  is 
to  the  fpeculum,  the  larger  will  be  the  field  of  the 
vifiblc  images.  The  appearance  is  a  kind  of  mean 
between  the  oijefls  tbemf elves  and  a  good  pi  flu 
them  on  a  flat  furface  ;  arid  upon  this  account t  and 
a/fo  for  grouping  the  obje8s>  a  convex  fpeculum  may 
be  very  uftful  to  a  landfcape  painter. 

If,  while  the  obje&s  and  fpeculum  remain 

fixed, 
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d,you  moveto  or  fromthefpeculunt,  theappareut 
ires  and  magnitudes  of  the  images  will  remain 
viable.:  but  if  an  obj.edt  moves  to  or  from  the 
ruhim,  it's  images  will  alfo  appear  to  move  the 
itrary  way;  and  as.  it  approaches  nearer  orreT 
cs  farther,  it  will  appear  more  and  more  en- 
jed  or  diminifhed. 

•  If  a  convex  mirror  be  placed  againft  a  win- 
v  having  an  extenfive  profpeft,  or  facing  the 
I  of  a  ftreet,  the  great  multiplicity  of  obje&s 
t  are  fcen  one  behind  the  other,  and  the  dimi- 
ion  of  their  images,  will  fometimes,  after 
ing  into  the  fpeculum,  make  us  fancy  they  are 
jreat  way  off;  and,  perhaps,  further  than  the 
edts  themfelves.  But  on  looking  more  atten~ 
ely,  this  miftake  will  be  corrc&ed,  and  the  ap- 
tait  places  of  the  images  will  not  differ  fenfibly 
m  their  real  places,  or  thofe  places  whence  the 
s  rays  diverge  to  the  eye, 

Or  Vision  by  Plane  Speculums. 

We  have  already  explained  to  you  the  abftrad 
sory  of  images  formed  by  the  reflection  and  re- 
gion of  plane  and  fpherical  mirrors;  I  fhall  now 
ifider  the  phenomena  of  viiion  by  plane  mirrors. 

Objects,  as  we  have  obferved,  feen  by  re- 
gion of  plane  fpeculums,  generally  appear  fo 
rfedfc  and  natural,  that  if  the  fpeculum  itfelf  is 
t  perceived,  we  are  liable  to  miftake  the  images 
r  the  real  objedts  of  which  they  are  the  types.  A 
in  appears  alive,  corporeal,  and  not  a  mere  fur- 
:c;  and  any  fcries  of  obje&s  placed  before  the 
ecujum  exhibit  alike  ferics  on  the  other  fide,  all 
►gearing  in  their  due  places,  agreeable  to  the 
icpry  of  images  and  of  vifion;  with  this  diflfe- 
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will  aflfcdt  their  apparent  diftances ;  and  more  efoe- 
cially  if,  as  the  cafe  often  is,  part  of  the  floor  rot" 
taining  the  real  objects  is  not  feen,  or  if  the  fpecu- 
Jum  is  not  vertical.  But  when  the  image*  are  near, 
thefe  caufes  have  no  fenlible  effeft. 

When  you  fee  your  own  image,  or  that  of  aa 
objeft  behind  you,  in  the  fpeculum,  if  the  imagt 
be  creel-,  it  will  appear  inverted  as  to  right  and  left; 
and  the  reafon  is,  becaufe  the  objeft  and  the  image 
face  each  other,  or  look  contrariwife.  The  cue 
is  not  unlike,  when  the  objeft  is  between  us  and 
the  fpcculum,  though  we  are  apt  to  make  it  diffe- 
rent for  want  of  considering  that  it  is  the  back  of ; 
that  towards  us,  and  fo  call  that  the  right  fide  of 
the  object,  which  we  fhould  call  the  left,  if  we 
were  on  the  other  fide.  The  phenomena  of  vifion' 
in  plane  fpcculums  agree  fo  well  with  the  theory. 
of  images,  that  we  need  fay  nothing  more  on  this 
head,  but  proceed  to  explain  the  phenomena,  when 
two  or  more  fpcculums  are  combined  together,  or 
when  one  is  placed  in  an  inclined  fituation. 

If  a  plane  mirror  be  inclined  to  the  horizon  in 
en  angle  of  45  degrees,  zvith  it's  face  downwards, 
an  upright  object  zvill  have  it's  image  in  an  horizon- 
tal pofiticn,  and  the  image  of  an  object  lying  horizontal 
z:ill  le  irett. 

It  A  B,  Kg.  6,  pi.  6,  be  a  plane  looking- 
glafs,  with  it's  reflecting  furfacc  downwards,  and 
CD  be  an  object  parallel  to  the  horizon,  then 
the  minor  A  B,  which  makes  half  a  right  angle 
Will  make  half  a  right  angle  with  the  objefl; 
or  A  B  C  will  be  an  angle  of  450.  Now,  at  what- 
ever dirtance  a  point  C,  in  the  objedfc  is  from  the 
mirror,  the  correfpondent  c,  in  the  image  will  ap- 
pear at  the  fame  diftance  from  the  mirror  on  the 
other  lidc;  therefore  CE  will  be  equal  tocE:  for 
the  fame  reafon  any  other  point  D,  will  be  juftas 
far  diltant  before  the  mirror  as  it's  correfpondca* 

I* 
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point  d  is  behind  it ;  fo  that  as  the  objeft  forms  an 
angle  of  45*  on  one  fide  of  the  mirror,  the  image 
will  form  alfo  an  angle  (from  the  fame  angular 
point)  of  45°  on  the  other,  45  added  to  45  making 
90*,  or  a  right  angle,  fo  that  the  image  is  perpendi- 
cular to  the  object,  and  being  therefore  perpendi- 
cular to  the  horizon  will  appear  ercd.  For  the 
fame  rcafon,an  upright  object  will  have  it's  image 
in  an  horizontal  pofition;  confequently  if  you  ftand 
upright  before  a  mirror  inclined  to  the  horizon, 
the  face  upwards,  you  will  fee  your  image  extend- 
ed horizontally,  as  it  were,  on  the  floor,  with  your 
face  upwards. 

Hence,  if  you  look  into  a  plane  fpeeulum,  in- 
clined to  the  horizon  in  an  angle  of  45*,  but  with 
the  face  downwards,  you  will  fee  yourfelf  as  it  were 
in  a  flying  pofture ;  you  will  feem  to  be  fufpended 
horizontally  in  the  air  with  your  face  downwards ; 
and  if  the  fpeeulum  is  fufficiently  long,  you  will 
feem  to  fly  upwards  or  downwards,  as  you  walk  to 
or  from  the  fpeeulum. 

If  the  fpeeulum  be  inclined  in  any  other  angle, 

the  angle  of  the  image  will  be  varied  in  the  fame 

maimer :  thefe  pofitions  you  may  cafily  verify  by 

eans  of  a  common  drefling-glafs,  as  the.  inclina- 

ion  thereof  may  be  altered  at  plcafure. 

On  thefe  principles  is  conftru&cd  an  optical 

eption,  which  Dr.  Hooper  has  named  the  ani- 

aud  optic  baits.     On   a    flat  board  a  ferpentine 

>e  is  formed  in  fuch  manner,  that  if  the  board 

e  inclined,  and  a  fmall  ivory  ball  be  placed  at 

the  top  of  the  uppermoft  groove,  it  will  roll  with 

the  fan.c  velocity  till  it  gets  to  the  bottom.     This 

laced  in  a  box  in  which  there  is  a  look- 

R-glafs  fo  inclined  that  the  board  appears  vcrti- 

,  and  the  lower  end-  uppcrmoft ;  confequently 

•the  ball  will.  feem.  to  roll  upwards.     When  thjj 

experiment   is  made   to  be  exhibited  in  public, 

every 
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Or,  that  there  is  a 

dent  ray  Ol,  reflected 

J  afterwards  in  k  I ;  and 

:,  becaufe  the  perpendi- 

1  image,  falls  without  the 

\  will  fee,  that  the  firft  image 
cd  ray ;  the  fecond  by  two ; 
ad  fo  on. 

each  image  from  the  eye  is 
ray,  added  to  the  fum  of  it's 


.ge  is  brighter  than  the  fecond, 
the    third;  and  fo  of  the  reft : 
of  .the  light  is  continualy  dimi- 
erable  quantity  being  loft  at  every 


iBt...       *  the  angle  formed  by  the  mirrors,  the 

gg»      nber  of  images ;  for  the  cathctus  of 

mm       parate  from  each  other  by  an  angular 

^      al  to  that  with  which  the  mirrors  are 

nd  are  confcqyently  carried  nearer  and 

c  angular,  and  fall  fucceffively  beyond 

when  the  mirrors  form  a  right  angle, 

f"    je  but  two  images,  and  when  it  is  very 

»     ere  can  be  but  one ;  the  number  of  per- 

irs  th*t  can  be  let  fall  from  rhe  objeft  or 

wes  of  theobjeft  on  the  two  mirrors. 

be  two  mirrors  are  parallel,  and  infinitely 
■.:,  tberf  would  he  an  infinite  number  of  ima- 
as  they  go  on,  their  diftancc  is  greater, 
brightness  lefs ;  they  therefore  foon  bc- 
nfible.     So  that  if  two  plane  mirrors  be 
el  to  *ach  other,  there  will  be  a  frries 
the  floor  or  fpace  between  them,  in* 
ways ;    there   being  no 
mber  than    whtr    is 
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reflexions.  If  you  (land  between  two  fuch  mirrors, 
you  will  fee  in  that  fronting  you,  the  images  both 
of  your  fore  and  back  part  repeated  feveral  times, 
but  continually  fainter  the  farther  off". 

On  this  principle  are  conftrudted  a  variety 
of  ingenious  recreations ;  particularly  thofe  that  are 
termed  the  boundlefs  gallery,  the  magical  mirrors. 

The  firft  of  thefe  confifts  of  a  long  box,  fur- 
nifhed  at  each  end  with  a  mirror,  placed  diredtly 
oppofite  to  each  other  ;  a  fmall  quantity  of  quick- 
filvcr  is  taken  off  from  one  of  them,  in  order  that 
you  may  view  thefe  in  the  infide  of  the  box  ;  two 
or  three  painted  fcenes  are  placed  in  the  box,  and 
the  top  is  covered  with  gauze.  The  fcenes  being 
painted  on  both  fides,  are  fucce (lively  reflcded 
iVopn  one  mirror  to  the  other:  if,  for  example! 
the  painting  confifts  of  trees,  they  will  appear 
like  a  very  long  vifta,  of  which  the  eye  cannot 
difcern  the  end ;  for  each  mirror  repeating  the 
objects  continually  more  faintly,  contribute  greatly 
to  augment  the  illufion. 

The  other  confifts  of  a  fquarc  box,  with  four 
plane  mirrors  placed  perpendicular  to  the  bot- 
tom of  the  box,  certain  objeds  in  relief  are  placed 
on  the  bottom,  and  the  top  covered  with  gauze 
placed  Hoping. wife  like  the  roof  of  an  houfe, 
leaving  only -ah  aperture  at  the  top  for  the  eye. 
When  you  Idok  in  the  box,  you  will.  find,  that 
the  mirrors,  from  being  oppofed  to  each  other, 
mutually  rcflccit  the  inclofed  figures ;  the  eye 
beholds  n  boundlefs  extent  completely  covered 
with  thefc  obje&s,  and  if  they  are  properly  dif- 
pofed,  the  illufion  will  occafion  no  fmall  furprifc, 
and  afford  great  entertainment. 

In  a  Jingle  plane  mirror,  that  w  made  of  thick 
glefs  with  quukfilver  behind  it,  many  images  x>f  any 
bright  objtlt,  as  a  taudle,  may  be/sen. 

The 
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The  firft  furfacc  of  the  glafs  being  folid  and 
K>iifliedx  is  itfclf  a  mirror,  which  fends  back  all 
jbc  rays  which  do  not  tfaverfe  the  glafs,  and  thus 
Sapns  a  weak  image  of  the  objedh  By  looking  at 
-  candle  obliquely  in  a  mirror,  you  will  fee  very 
evidently,  by  it's  exhibiting  a  -{erics  of  im^ges^ 
jfcat  the  rays  of  light  are  reflected  feveral  times 
Kttfecn  it's  furfaces :  the  images,  however,  all  dc 
:reafe  in  brightnefs,  till  at  laft  the  rays  become  too 
lint  to  Exhibit  an  image.  Thcfe  are  more  diftin- 
[ijiftiable,  the  more  obliquely  they  are  viewed. 
fhis  phenomenon  proves  very  plainly,  that  light 
iffers  a  coniiderablc  diminution  in  it's  paifagc 
irough  glafs. 

if  a  plane  mirror  turns  upon  an  axis,  the  an- 
ular  motion  of  the  images  is  double  ibat  of  the 
\irror. 

Let  A  B,  fig.  2,  pi.  6,  be  a  mirror,  OE  an 
icident  ray,  EF  a  reflected  ray.  Now  fuppofe  the 
lirror  to  turn  upon  an  axis  at  E,  and  to  take  the 
tijation  CD,  then  the  incident  OE  will  have 
rE  for  it's  reflected  ray.  Now  the  angle  FEG, 
hicji  exprefTes  the  angular  motion  or  quantity, 
U^  the  rcftedtcd  ray  has  moved  from  it's  firft 
tuatioji  FE,  is  double  of  A  EC,  the  angular 
lotion  of  the  mirror.  If,  therefore,  the  mirror 
loves  one  quarter  of  a  circle,  the  reflc&cd  ray 
loves  a  half  circle:  it  is  for  this  rcafon  that  the 
nages  of  the  fun,,  by  a  mirror,  move  fo  fad ; 
o4  hence,  alfo,  the  images  thereof  reflected  by 
ater,  even  nearly  quiet,  appear  much  agitated, 
anicularly  when  received  at  fome  diflance  from 
ac  point  of  incidence. 

To  Judge  of  the  goodnefs  of  plane  mirrors.  Hav- 
ig  endeavoured  to  explain  the  principle  of  the 
henomena  of  plane  mirrors,  I  {hall  now  pro- 
ca4  to  fuch  obfervations  as  may  enable  you  to 
ldge  of  their  goodnefs.     A  fpcculum  fhould  be 

Vol.  II.  S  exadly 
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cxadtly  figured  and  well  polilhed.     The  goodnefs 
of  the  figure  of  a  plane  fpeculum  is  eafily  known, 
by  obferving  if  images  feen  in  all  pofitions,  efpe- 
cially  in  very  dblique  ones,   and   from  all  parti 
of  the  fpeculum,  appear  exadly  equal,  and  fimi- 
lar  to  the  objefts :  that   is,  if  the  images,  efpe- 
cially  the  remoteft  objecfls  in  the  room,  appear 
natural,  without  having  any  part  of  them  diftortod^ 
the  fpeculum  has  a  good  figure.     The  ftrait  edges  ^ 
of  the  rails  of  wainfcot  are  good  objedts  for  the" 
experiment.     A  plane  muft  be  exceedingly  ern>-  : 
neous,  that  will  diftort  a  face  looking  into  it,  be-  j 
caufe  the  rays  being  returned  almolt  diredly  back 
to  the  eye,  fmall  aberrations  cannot  be  fenfible. 
But  if  two  perfons  look  at  each  other's  image  is 
obliquely  as  they  can,   they  will  foon  perceive  if 
the  fpeculum  be  faulty. 

It  is  deemed  a  very  difficult  thing  to  grind  t 
true  plane ;  and  the  difficulty  of  making  a  good 
looking-glafs  is  ftill  greater,  becaufe  the  two  fides 
fhould  be  exa&ly  parallel  as  well  as  fiat.  If  the 
images  of  a  candle  feen  very  obliquely,  and  in 
different  obliquities,  and  from  all  parts  of  the  glafs, 
do  not  always  keep  pretty  nearly  at  equal  diftances 
one  from  another ;  it  is  a  proof  that  the  fides  of 
the  glafs  are  neither  flat  nor  parallel. 

The  better  a  fpeculum  is  polifhed,  the  brighter 
will  be  the  images ;  that  is,  the  eye  will  receive 
more  light  from  it.  The  darker  the  colour  of  a 
glafs  fpeculum,  the  higher  is  the  polifh.  Different 
giaflcs,  though  equally  well  poliflied,  will  not  al- 
ways appear  equally  dark  ;  yet  generally  the  above 
rule  takes  place,  and  the  darkeft  is  to  be  preferred. 
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LECTURE    XVII. 


On  the  Nature  of  Vision. 


Lcc- 


s  been  my  endeavour,  in  the  prccei 

tie  Philofophy  from  the  imputation 
ic  has  long  lain  under  of  being  dangerous  co  reli- 
md  piety.     It  was  not  uncommon  formerly 
fufpect  everyone  who  profetfed  to  purfue  the 
c  of  nature,  of  unfoundnefs  of  principles,  and 
a  fecret  delign  to  undermine  the  belief  of  a  Pro- 
"  nee,  and  the  being  of  a  God.     Nor  can  it  be 
icd,  that  there  has  been  ground  for  fueh  a  fufpi- 
;   for  thofe  who  really  had  fuch  evil  deli 
ceded  by  attempting  to  explain  the  furround- 
phenomena  by  the  powers  of  nature,  and  thus 
vouring  to  confine  the  attention  of  mankind 
em  alone.    But  the  Hate  of  natural  philofophy 
w  altered;  it   is  become  an   innocent,  inof- 
e,  a  ufeful  niiniftcr  in  the  temple  of 
D. 
In  ancient  times,  nature  was  cfteemed  an  ori- 
1  fource  of  being,  diftinct  from  the  Almighty; 
ter    was   thought    to  be    poffeflcd  of  a   being 
vvhich  he  never  gave  it,  and  the  elements  to  1 
their  differences  and  qualities  independent  of  him. 
Thcfc  notions  have  long  fincc  been,  exploded,  and 
know  ledged  to  be  the  creator  of  all  things 
vifiblcand  invilible.  It  is  now  clear, that  the  abftract 
aad  fertfible  offences  of  nature  receive  their  perma- 
,  and  her  courfes  their  liability,  from  the  cove- 
nantor immutable  will  of  God  ;  her  fubftances,  both 
aid  fpiritual,  together  with  their  primary  as 
Well  as  dary  qualities,  their  applications  to  one 

r;   their  mutual  affections,  and  all  effects  and 
re  fill  ting  therefrom,  being  derived  primarily 
no  other  fource  than  the pQwtr^  tl  .>m% 

b  2  and 
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»nd  the  goodnefs  of  God.  Nature  is  the  work  of 
God,  her  alts  are  his  ads,  her  productions  his  gifts, 
her  every  operation  an  execution  of  his  wilL 
€t  Great,  then,  is  the  error  of  thofe  who  havefetup 
nature  as  a  firft  principle,  in  the  place  of  God, 
whereby  to  account  for  phyfical  operations  and  pro- 
ductions; for  nature  is  nothing  in  itfelf,  but  a  mete 
word  without  any  meaning  or  idea  belonging  to  it, 
if  confidered  in  any  other  view  than  as  that  iyftem 
of  laws  whereby  God  upholds  this  vifiblc  world, 
and  produces  the  infinite  variety  of  forms  and  cfc 
fedts  in  it,  according  to  an  eftablifhed  and  reguhr 
courfc  of  fubordinate  caufes  and  means;  and  con- 
fequcntly,  where  the  mind  terminates  it's  views  in 
a  fuppofed  nature  as  a  felf-moving  agent  or  prin- 
ciple, it  robs  God  of  the  honour  due  to  his  ma- 
jefty,  and  transfers  it  to  an  idol  of  it's  own  nuk- 
ing/' 

The  ftudy  of  the  human  frame,  &c.  has  been 
regarded  with  the  fame  unfavourable  fufpicion  is 
philofophy.     For  there  being  a  great  deal  of  mc- 
chanifm  in  the  human  compofition,  thofe  who  ap- 
plied to  a  clofe  examination  and  ftudy  of  the  ma- 
chine, were  apt  to  think  too  (lightly  of  the  fpiritual 
part,  infomuch,  that  it  has  been  a  current  faying, 
wherever  you  fee   three  phylicians,  you  fee  two 
atheifts.     But  I  do  not  apprehend  that  they  now 
retain  the  fame  fentiments.     They  erred,  becaufc 
they  faw  that  the  undcrftanding  might  fometimes 
be  reftored  to  madmen  by  medicines:  they  knew 
that  fomc  of  their  drugs  had  a  powerful  effeQ  upon 
the  imagination,  fo  as  to  warm  it  with  fanguine 
hope,  or  chill  it  with  defponding  melancholy ;  they 
found  that  a  delicacy  of  texture  in  the  fibres  of 
the  brain,  a  purity  of  the  circulating  juices,  had  an 
influence  on  the  natural  talents,  and  occafioned  a 
predominancy  of  fome  one  of  the  principal  hu- 
mours that  diftinguiihed  the  characters  of  men; 

that 
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•hat  an  unnatural  preffure,  or  a  little  heterogeneou8 
Snixture  in  the  medullary  fubftance  within  the  head, 
dffabled  rhe  foul  from  exercifing  her  fundtions* 
mA  that  in  general  the  tenour  and  colour  of  our 
^thoughts  depended  very  much  upon  the  difpofition 
af  the  body.  Arguing  from  appearances^  which 
Will  ever  miflead,  they  imagined  that  powers  had 
jfaen  afcribed  to  the  foul,  which  really  refided  in 
tile  body,  and  were  tempted  in  an  evil  hour  too 
bftftily  to  conclude,  that  (he  had  none  belonging  to 
her ;.  but  that  thought  itfelf,  with  all  it's  varieties, 
Here  nothing  more  than  mere  configuration  and  a 
fivcrfity  of  motions  in  matter. 

■*  Beginning  at  the  wrong  end,  and  tracing  the 
intellectual  operations  from  organized  matter  as 
heir  fource  and  caufe ;  they  could  not  but  infer, 
hag  the  caufe  being  taken  away,  the  effedt  muft 
leccflarily  ceafe.  Seeing  that  a  contufion,  or  other 
Bjury  of  the  brain,  occafions  a  difordcr  or  lofs  of 
he  underftanding  and  memory,  they  thence  argued 
hat  the  brain  is  the  principal  caufe  or  foundation 
if  thefe  powers ;  whereas  perception,  thought,  and 
Memory,  do  not  flow  from  the  brain,  but  from  the 
Und  into  it,  as  the  proper  medium  for  the  mani- 
eftation  of  the  intellectual  powers.  The  defedt  or 
leftniition  of  the  organ  does  not  occafion  any  ab- 
blute  lofs  or  annihilation  of  intelled,  for  that  dill 
emains  the  fame  in  it's  own  fpiritual  principle,  it 
m\y  hinders  it  from  manifefting  it's  operations  in 
he  natural  world."  To  fuppofe  that  mind  and 
matter  are  the  fame,  becaufe  the  diforder  of  the 
>6dy  apparently  influences  the  foul,  is  as  abfurd  as 
o  fay  that  the  art,  fcience%  and  intelligence  of  a 
nufician,  lies  entirely  in  the  ftrings  or  pipes  of  his 
tlftrument,  becaufe  his  knowledge  is  more  or  left 
onfpicuous,  according  as  they  are  more  or  lefs 
lined.  It  is  a  fophiftry  that  can  only  dazzle  fiber- 
s'3  ficial 
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fcWs  impious  fcheme  employed  their  invention  to 
form  theories  to  account  for  effedts  without  caufes, 
©rat  lea  ft,  without  adequate  caufes;  as  by  main- 
taining the  eternity  of  the  world  in  it's  prefent 
Ibrm ;  or  advancing,  at  leaft,  an  eternity  of  atoms, 
^hich,  by  the  direction  of  chance,  and  a  lucky 
jumble,  formed  themfelves  into  the  prefent  orderly 
fyftem." 

u  But  as  they  were  equally  puzzled  to  account 
for  life,  confeioufnefs,  and  intellect,  upon  their  cor- 
pufcular  plan,  they  found  themfelves  under  the  ne- 
reffity  of  afcribing  to  matter,  under  particular  mb- 
lifications,  certain  aftive  powers,  which  are  abfo- 
utely  inconfiftent  with  it's  known  efiential  proper-. 
ies,  affirming  the  foul  to  be  nothing  more  than  a 
icre  refined  and  delicate  configuration  of  atoms, 
nd  the  mental  operations  to  proceed  from  the  mc- 
hanical  motions  of  rarified  matter:  thus  making 
te  principles  .of  life  and  underftanding  to  be  only 
le  modes  of  that  which  has  nothing  vital  or  intel- 
gent  in  it,  and  thus  afcribing  more  to  the  effeif  than 

in  the  caufe  to  give.  Thefc  complicated  ab- 
ilities have  been  fo  thoroughly  detedled  and 
mfuted,  that  atheifm,  as  a  lyftem,  fcarce  lifts 
p  it's  head,  but  hides  itfelf  under  falfe  colours. 

does  not  now  prefent  itfelf  as  the  open,  but  2^ 
ic  whited  fepulchre ;  does  not  profofledly  declare 
ar  againft  the  majefty  and  exiftence  of  Almighty 
od,  but  flily  endeavours  to  undermine  his  attri- 
itcs,  and  by  falfe  reafoning  to  invalidate  the 
oofs  of  the  immortality  of  the  foul." 

Some  philofophers  a,mong  the  ancients,  as 
•11  as  among  the  moderns,  imagined  that  man 
is  nothing  but  mere  matter;  but  matter  fo  cu- 
>u(ly  organized,  that  the  impreflion  of  external 
jedls  produces  in  it  fenfation,  perception,  re- 
rmbrance,  and  all  the  other  mental  operations, 
lis  foolifh  opinion  could  have  no  other  origin 
S  4  than 


a 


264     LB€T0lLBt  0*  N*TVRl&  PfUKMOrttT, 

than  "the  cohftant  cbnne&ion  the  Author  of  nm 
hath  eftablifhed  between  certain  impreffions  troll 
Upon  our  fenfes,  and  our  perception  of  the  objefl 
lay  which  the  impreffion  is  made ;  from  which  ihc| 
weakly  inferred,  that  thofe  impreffions  wert  the  j 
proper  efficient  caufes  of  die  correfponding  per 
peption.* 

But  no  reafoning  can  be  more  fallacious  dm 
this ;  that  becaufe  two  things  arc  always  conjoined, 
pne  muft  be  the  caufe  of  the  other.    Day  and 
night  have  been  joined  in  a  conftant  fueceffio 
fince  the  beginning  of  the  world :  but  Vk  ho  is  & 
foolifh  as  to  conclude  from  this,  that  day  is  the] 
<aufe  of  night,  or  night  the  caufe  of  the  following  ] 
day?    There  is,  indeed,  nothing  more  ridiculoui 
jthan  to  imagine,  that  any  mbtion  or  modification 
of  matter  fliould  produce  thought,    and  render 
ft  capable  of  fenfation  and  knowledge,     For  thofc 
things,  which  are  inferior  and  fecondary*  can  bf 
no  means  be  the  principles  or  caufes  of  the  more 
excellent. 

If  any  one  fliould  relate  of  a  telefcopCj  fo  ei- 
ft&ly  tnade  as  to  have  the  power  of  feeing;  oft 
whifpcring-gaUery,  that  had  the  power  of  hearing; 
of  a  cabinet  fo  nicely  framed  as  to  have  the  power 
of  memory ;  or  of  a  machine  fo  delicate  as  td 
feel  pain  when  it  was  touched;  the  relation  would 
be  fo  abfurd,  and  fo  flunking  to  common  fenfcs 
that  it  would  not  find  belief  even  among  favagts. 
Yet  it  is  the  fame  abfurdity  to  think,  that  the  imT 
preflions  of  external  objects  upon  the  machine  of 
pur  bodies,  can  be  the  real  efficient  caufe  of 
thought  and  perception.  The  moll  perfeft  oigini- 
zation  is  but  a  perfect  arrangement  of  material 
elements,  and  gives  but  a  new  extrinfic  relation 
of  parts  to  parts,  and  can  never  give  capacities 
%vbicb  did  not  before  exijL     Nay,   the  ycry  ft 

*  See  Rcid  on  -die  Intel!e£lual  Towers  of  Mi 
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fialift  himfelf,  with  all  his  boaftcd  attachment 
jto  matter,  is  forced  to  have  rccourfe  to  powers 
which  are  as  different  from  the  common  capacities 
of  body,. as  the Jentient  fubftance  of  the  immateria- 
lift  is  from  the  material  element.  Even  the  man 
if  matter,  when  fpeaking  of  rejijlance  in  bodies, 
(ays,  "  that  resistance  is  in  mod  cafes  caufed 
by  fomething  of  a  quite  different  nature  from  any 

thing    MATERIAL/'* 

It  is  no  wonder  that  philofophers,  whofc 
ideas  of  mind  and  being  are  only  derived  from 
tody  and  fenfation,  fhould  be  thus  inconfiftent; 
for  they  have  a  ftiort  method  of  explaining  away 
the  nature  of  truth.  They  reduce  it  to  mere 
epinion,  and  confider  it  as  a  fa&itious  thing  which 
jevery  man  makes  for  himfelf;  which  comes  and 
goes  juft  as  it  is  remembered  or  forgot ;  which,  in 
the  order  of  things,  makes  it's  appearance  the 
laft  of  any,  being  not  only  fubfequent  to  fenfiblc 
objedts,  but  even  to  our  Jen/at  ions  of  (hem. 

But  there  are  other  reafoncrs,  who  have  had 
.different  notions ;  who  reprefent  truth  not  as  the 
laft%  but  the firft  of  beings;  who  call  it  immuta- 
ble, eternal,  omniprefent.  To  thefe  it  muft  ap- 
pear fomewhat  ftrange,  how  men  fhould  injaginc, 
that  a  crude  account  of  the  method  bow  they  per- 
ceive truth,  was  to  pafs  for  an  account  of  truth 
it/elf:  as  if  to  defcribe  the  road  to  London,  could 
y>t  called  a  defcription  of  that  metropolis. 

You  are  better  learned  than  to  confider  truth 
9.S  opinion :  you  know  that  it  ftiines  with  un- 
changeable fplendor,  enlightening  throughout 
pht  univerfc  jevery  poflible  fubjedt  fufceptiblc  of 
Jt's  benign  influence.  Paflions,  and  other  objects, 
pay  prevent  indeed  it's  efficacy,  as  clouds  and 
yapours  may  obfeure  the  fun;  but  itfclf  neither 
i 1 ^^  admits 
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totting  it  from  draggling  motes*  and 
the  wandering  fly.      They  alfo  inte* 
rays  proceeding  from  obje&s  that  are 
axis  of  vifion,  and  thereby  render  tfit  .....  p__ 
other  objedts'morc  diftinft  and  lively :  for/ a  a* 
the  camera  obfeura,  the  image  is  alwayahrighttt.  | 
when  no  rays  are  allowed  to  enter,  but  thofe  which 
form  the  pi&ure.    The  eyelaihes  contribute  that - 
(hare  in  giving  beauty  to  the  face,  tb  foftenthb 
outlines  of  the  eyelids,  and  throw  a  niiblneft  oa 
the  features.  ■     '  "■"  ■     -v 

Both  the  eyelids  are  moveable j  but  the  upper? 
one  moftly  fo,  the  lower  one  moving  but  ktd£ 
being  rather  obfequious  to  the  motions  of  the 
adjacent  parts,  than  moved  by  any  particular 
forces  of  it's  own.  The  hairs  of  the  cytlaihfcf 
grow  only  to  a  certain  length,  and  never  need 
cutting :  the  points  of  the  fuperior  one  are  bent 
upwards,  thole  of  the  lower  eyelafh  downwards. 
Thus  whenever  we  can  trace  things  to  their  final 
caufe,  we  find  them  always  marked  with  defign, 
and  can  find  no  circumftance  fo  minute,  as  to 
efcape-the  attention  of  the  Supreme  Being. 

From  what  has  been  faid,  we  may  perceive 
why  tKc  light  of  thofe,  whofe  eyelaihes  are  black, 
is,  in  general,  much  ftronger  than  thofe  who  have 
them  fair  or  white;  the  black  eyelaihes -are  a 
better  ihadc  for  the  eye,  and  reflect  no  light  from 
their  inner  lidc,  to  weaken  and  efface  the  pifture 
on  the  retina.  Montallus  gives  an  account  of  a 
young  man,  whofe  eyelaihes  and  eyebrows  were 
of  an  intenfe  white,  and  his  fight  obfeure  during 
the  day,  but  clear  at  night.  This  perfon  was 
taken  prifoncr  by  the  Moors,  who  dyed  his  eye- 
laihes black,  by  which  his  light  was  much  ftrcngth- 
cned :  in  courfe  of  time  the  dye  was  wafhed  ofl;' 
and  his  fight  became  weak  again.  Dr.  Ruflell, 
in  his  natural  hiltory  of  Aleppo,  fays,  that  it  is 

the 
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the  cuftom  among  the  Turkifh  women  V 
he  inlidc  of  their  ;,  nut  ontv  as  an  nr, 

bur  ia  a  means  of  firengthening  the  fight.     When 
be  eyelids  are  loll,  a  fymptom  which  frequently 
s  a  malignant  fmalUpox,  the  Tight  is  always 
oniick:  npaired. 

ting  the  Ls  parti? 

ht  as  we  pi  cafe,  and  thi 
cfend  the  eyes  from  too  ftrong  a  light,  »  hith  et 
ne's  experience  proves  to  be  as  inji  cm 

i  more  grofs  matter.  Numerous  arc  the  mclari- 
holy  inftances  on  record,  which  confirm  * 
ith :  Xenophon  relates,  that  many  of  his  troops 
ere  blinded  by  the  tfrong  reflection  from  the  fnoar 
ver  which  they  were  obliged  to  march.  Dionyliu^ 
he  tyrant  of  Sicily,  among  other  mea:  fi  he 

ufed  to  gratify  his  revenge,  and  fatiate  the  cruelty 
of  his  temper,  was  accu Homed  to  bring  forth  his 
miferablc  captives  from  the  deep  .  of  the 

darkeft  dungeons,  into  white  and  well-lighted 
rooms,  that  he  might  blind  them  by  the  fudden 
transition  from  one  extreme  to  the  other,  Actuated 
by  principles  equally  cruet,  the  Cart!.  la  cut 

oiTthe  eyelids  of  Regulus,  and  then  expofed  him 
to  the  bright  rays  of  the  fun,  by  which  he  was  very 
foon  blind < 

Thefe  fads  make  it  clear  that  a  protuberant 
eye  is  not  lo  well  calculated  for  villon,  as  one  that 
is  deep  funk  in  the  head  :  neither  extreme  is  indeed 
dirablc ;  yet  undoubtedly,  of  the  two,  that  which 
i  deep  let  is  preferable,  as  affording  the  cleared 
*ht,  and  being  leaft  liable  to  injuries  from  extcr- 
accidents. 
Thofe  animals  which  have  hard  cruflaeeous 
as  the  lobiter,  crab,  &cc.  have  no  eyelids; 
as  molt  brute  animals  have  an  additional  one, 
called  the  nittiiating  ynemtranc,  which  ti. 

over 
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liyer  their  eyes  Uk«  &  cuftwn,  to  wipe  off  whatever 
incommode*  them. 

The  velocity  with  which  the  eyelids  move  td 
and  fro  is  fpgreatj  that  it  does  not  in  the  leaft  im- 
pede the  fight*  This  curious  circumftance  may  be 
illustrated  oy  the  well-known  phenomenon  oft 
burning  coal  appearing  like  a  ring  of  fire,  when 
whirled  round  about  with  rapid  n,  in  the  circum- 
ference of  a  circle.  Now  it  is  highly  probable, 
that  the  fenfation  of  the  coal,  in  the  fever al  places 
of  the  circle,  remains  on  the  mind  until  it  returns 
again  to  the  fame  place.  If,  therefore,  our  eyelids 
take  no  longer  time  to  pjafs  and  rcpafs  upon  our 
cyeSj  than  what  the  coal  of  fire  takes  to  go  round, 
the  nftprefiion  made  by  any  objeft  on  the  eye  ta  ill 
fuffer  no  fenfiblc  interruption  from  this  motion. 

To  prevent  the  eyelids  adhering  together,  they 
are  fupplied  with  a  row  of  .febaceous  glandules, 
which  difcharge  a  foft  liniment,  that  mixes  with, 
and  is  wafhed  off  with  the  tears. 

The  lachrymal  gland  is  placed  in  the  upper  and 
outer  part  of  the  orbit.  It  is  defigned  to  furnilb 
at  all  times  water  enough  to  keep  the  outer  furface 
of  the  eye  moid,  and  thus  give  the  cornea  a  greater 
degree  of  pellucidity.  In  order  that  this  liquor 
may  be  rightly  difpofed  of,  we  frequently  clofetht 
eyelids  without  being  confeious  of  it. 

At  the  inner  corner  of  the  eye,  between  the 
eyelids,  (lands  a  caruncle,  whofc  office  fcems  to  be 
to  keep  that  corner  of  the  eye  from  being  totally 
clofed ;  fo  that  any  tears,  &c.  may  flow  from  undejf 
the  eyelids,  when  we  flcep,  into  thepunffa  lachry* 
malia>  which  are  little  holes,  one  in  each  eyelid, 
near  the  corner,  for  carrying  into  the  nofc  any  fu- 
perfluous  tears. 

The, eye  is  furnifhed  with  fix  myfcles,  whfcfc 
fprcad  their  tendons  far  over  the  eye*  by  thefc  if 
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£an  be  moved  upwards  and  downwards  to  either 
fide,  and  in  every  intermediate  direction,  and  thus 
view  furrounding  objecfts  without  moving  the  head. 
To  facilitate  thefe  motions,  a  great  quantity  of 
foofe  fat  is  placed  all  round  the  globe  of  the  eye, 
between  it  and  the  orbit.  Four  of  the  mufcles  are 
ftrait,  and  two  oblique ;  of  the  two  ftrait  mufcles, 
two  are  fituated  vertically  oppofite  one  another,  and 
die  other  two  horizontally.  Each  of  the  fix  has  a 
Proper  name,  according  to  it's  lituation  and  office^ 
!  cannot  pafs  over  the  mufcles,  without  taking  no- 
ice  of  a  ftriking  inftance  of  defign  in  the  wife  dif- 
x>fition  of  the  parts.  It  is  fomctimes  neccflary  to 
lave  an  oblique  motion  of  the  eye,  towards  the 
lofc,  and  there  being  no  room  on  that  fide  for 
nufcles,  a  fmall  bone  is  placed  on  the  fide  of  the 
lofe,  with  a  hole  in  it,  to  ferve  as  a  pulley,  through 
rhich  the  tendon  of  a  mufcle  pafles  to  a  convenient 
nfertion,  and  thereby  fuch  an  oblique  motion  is 
fiven  to  the  eye,  as  would  otherwife  have  been 
mpoflible. 

The  eyes  are  placed  in  the  moft  eminent  part 
>f  the  body,  near  the  brain,  the  feat  of  fenfation. 
rrom  their  ckvated  fituation,  our  profpclt  is  cn- 
irged,  and  the  number  of  objects  taken  in  at  one 
iew,  incrcafed ;  we  command  an  ample  horizon 
>n  earth,  and  a  glorious  hemifphere  of  the  heavens.- 

Every  part  of  the  human  frame  affords  indif- 
tutable  proofs  of  the  wifdom  and  beneficence  of 
fs  Creator,  becaufc  all  are  adapted  to  anfwer  in 
he  bed  manner  the  end  for  which  they  wcreform- 
d.  Thus  the  globular  figure  of  the  eye  is  the  moft 
ommodious  we  can  form  any  idea  of,  the  beft 
adapted  for  facilitating  the  various  motions  of  the 
yet  for  containing  the  humours  within,  and  re- 
reiving  the  images  from  without. 

Many  are  the  advantages  that  are  derived  * 
•ur.  having  two  cycsM  fome  that  arc  kr_ 
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that  are  unknown ;  for  the  correfpondence  of  tl 
double  parts  in  the  human  frame,  and  their  rclati« 
to  the  two  great  faculties  of  the  human  mtodj 
not  been  lufficiently  attended  to  by  anatomi: 
By  having  two  eyes,  the  fight  is  rendered  ftrong 
and  the  vifion  more  perfect ;  for  as  each  eye  loo 
upon  the  fame  objeft,  a  more  forcible  imp 
is  made,  and  a  livelier  conception  formed  by 
mind. 

The  eyes  together  view  an  objeft  in  a  differed 
iituation  from  what  either  of  them  apart  would  do, 
and  enable  us  to  perceive  fmall  di  ftanccs  accurately. 
Hence  we  find,  that  thofe  who  have  loft  the 
of  one  eye,  are  apt  to  make  miftakes  in  the  diftancti 
of  obje&s,  even  within  arm's  length,  that  are  ciiil) 
avoided  by  thofe  who  fee  with  both  eyes.    Such 
miftakes  are  principally  feen  in  fnuffing  a  candle, 
threading  a  needle,  or  in  filling  a  tea- cup*     Thii 
aptnefs  to  misjudge  diftances  and  fttuations  is,  how* 
ever,  gradually  diminifhed  by  time  and  practice. 

When  an  objeft  is  placed  at  a  moderate  di£ 
tance,  we  fee  more  of  it  by  means  of  the  two  eyes, 
than  we  poflibly  could  with  one  ;  the  right  eye  fee* 
ing  more  of  the  right  fide,  and  the  left  eye  more  of 
it's  correfponding  fide.  Thus  by  both  eyes  we  fee 
in  fome  meafure  round  an  objedt  s  and  it  is  this 
which  aflifts  in  giving  that  bold  relievo,  which  vc 
fee  in  nature,  and  which  no  painting,  how  exquifife 
foever,  can  attain  to.  The  painter  muft  be  con* 
tented  with  [hading  oft  a  flat  furface ;  but  the  eyes, 
in  obferving  natural  objedls,  perceive  not  only  the 
lhading,  but  a  part  of  the  figure  that  lies  behind 
thofe  very  lhadings.  The  perception  we  have  of 
diftancc  with  one  eve,  as  was  juft  now  obfcrved,ii 
more  uncertain,  and  more  liable  to  deception,  thin 
that  which  we  have  by  both  ;  therefore,  if  the  {had* 
ing  and  relief  be  executed  in  the  beft  manner,  tbi 
picture  may  have  almoft  the  fame  appearance  tt 

oflc 


Nature  and  Properties  of  Light\      275 

bne  eye  as  the  obje&s  thcmfelvcs  would  have,  but 
It  cannot  have  the  fame  appearance  to  both.  This 
St  not  the  fault  of  the  artift,  but  an  imperfection  in 
the  art.  To  fefnovc  thefe  defedts,  the  connoifleura 
in  painting  look  at  a  pidturc  with  one  eye  through 
4  tube,  which  excludes  the  view  of  all  other  objedts. 
Jf  the  aperture  in  the  tube  next  the  eye  be  /mall, 
tc  have  ilo  means  left  to  judge  of  the  diftance  but 
the  light  and  colour,  which  arc  in  the  painter's 
power.* 

An  objedt  fcen  with  both  eyes,  appears  a  little 
brighter,  or  more  luminous,  than  it  does  when  feeri 
irith  one  alone,  as  will  be  evident  by  looking  alter- 
nately with  both  eyes  and  with  one  only :  and  the 
Jifferertce  of  brightnefs  will  be  (till  more  manifeft, 
if  at  the  fame  time  that  a  part  of  a  flat  obje<5t,  of  an 
miform  colour,  is  feen  with  both  eyes,  the  light 
from'  the  adjacent  part  is  excluded  from  one  of 
Jiefri  {  which  may  be  done,  by  applying  a  book  to 
>ne  fide  of  the  head,  fo  that  it  may  reach  a  little 
forwarder  than  the  face.  But  although  the  diffe- 
rence of  bfightnefs,  in  the  two  cafes,  is  very  pcr- 
reptiblc,  yet  it  is  not  very  conlidcrablc,  nor  is  it 
aly  to  determine  it  accurately.  Dr.  Jurin,  by  a 
ttfiety  of  experiments,  concluded,  that  an  object 
een  with  both  eyes,  appeared  only  one  thirteenth 
jart  brighter,  than  when  feen  with  one  alone. 

Our  eyes  have  an  uniform  or  parallel  motion, 
)y  which,  when  one  is  turned  to  the  right  or  left, 
jpwards  or  downwards,  or  {trait  forwards,  the  other 
ilways  goes  along  with  it  in  the  fame  direction. 
iVhert  both  eyes  arc  open,  wc  find  them  always 
urned  the  fame  way,  as  if  both  were  aded  upon 
>y  the  fame  motive  force.  This  phenomenon  i* 
he  more  Angular,  as  the  mufclcs  which  move  the 
wo  eyes,  and  the  nerves  which  fcrvc  the  mufcles, 
re  entirely  diJtiiwM   ^unconnected. 
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To  account  for  and  explain  the  caufe  of  this 
motion,  has  puzzled  the  philofopher,  and  embar- 
raifcd  the  anatomift :  that  it  originates  from  the 
grand  moving  principle,  or  generating  caufc  with- 
in us,  the  mind,  there  can  be  little  doubt ;  but  how  J 
the  mind  operates,  to  produce  this  effcft,  we  are] 
altogether  ignorant.     Some  effectual  purpofes  are 
no  doubt  anfwered  by  this  motion,  for  nothing  if 
created  in  vain.     One  is  fuppofed  to  be  that  of 
feeing  objects  (ingle  that  are  viewed  with  both  eyes; 
for  there  are  two  pictures  formed  of  every  objeft 
one  in  each  eye.     Hence,  if  any  of  the  mufclesof 
one  eye,  cither  from  fpafm,  paralyfis,  or  any  other 
caufc,  is  retrained  from  following  the  motion  of 
the  other,  every  objedt  will  be  feen  double.    The 
fame  effect  is  produced,  if,  while  we  are  looking  at 
any  objedt,  we  alter  the  direction  of  one  of  our  cya, 
by  prcflmg  it  afide  by  the  finger;  an  experiment 
frequently  made  by  children,  who  are  generally 
delighted  with  any  uncommon  appearance. 

Whatever  may  be  the  caufe,  the  fad:  is  certain, 
that  the  object  is  not  multiplied  as  well  as  the 
organ,  and  appears  but  one,  though  feen  with  two 
eyes :  another  inftance  of  the  (kill  of  the  contriver 
of  this  noble  organ,  and  the  exquifue  art  he  cm- 
ployed  in  the  formation  of  it. 

Having  confidered  the  principal  external  parts 
of  the  eye,  and  ihewn  that  they  arc  framed  to  pro- 
tc<fl  this  delicate  organ,  with  a  care  ftridly  propor- 
tioned to  it's  curious  texture,  and  extenfive  ufcful- 
nefs,  that  it  is  fortified  with  ftrong  bones,  lodged 
in  a  deep  receptacle,  and  guarded  with  a  moveable 
cover;  we  now  proceed  to  treat  of  the  internal 
parts,  or  thofe  which  conflitute  the  globe  of  the 
eye. 
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Of  the  Globe  of  the  Eve. 

If  the  conftruclion  of  the  univerfe  were  not 
lent  a  proof  of  the  cxiftence  of  a  fuprcmcly 
and  benevolent  Creator,  as  to  render  particu- 
irgumcnts  unneccflary,  the  llruCture  of  the  eye 
be  offered  as  one,  by  no  means  the  leaft;  this 
mcc,  among  numberlefs  others,  demonftrating 
the  beft  performances  of  art  are  infinitely  fhort 
thofe  which  are  continually  produced  by  the 
rtsE  Mechanic. 
The  globe  of  the  eye,  or  the  organ  of  fight, 
ly  be  defined  in  general  as  a  kind  of  cafe  confut- 
ing of  fevcral  coats,  containing  three  pellucid  hu- 
mours, which  are  Co  adjusted,  that  the  rays  pro- 
ceeding from  luminous  objects,  and  admitted  at  a 
hole  in  the  fore  part  of  the  eye,  are  brought  to  a 
focus  on  the  back  part  of  it,  where  they  fall  upon 
afoft  pulpy  fubftancc,  from  whence  the  mind  re- 
ceives it's  intelligence  of  vifible  obje&s. 

It  is  nor  to  be  expected,  that  any  account  given 
of  the  eye  can  be  altogether  accurate;  for  as  ir  is 
impoffible  to  examine  all  the  parts  of  the  eye  whillt 
in  a  natural  and  living  ftate,  lb  is  it  alfo  nearly  im- 
poffible, when  it  is  taken  out  of  it's  focket,  to  pre- 
serve the  figure  of  the  parts  entire  ;  a  circumllance 
which  accounts  for  the  difagreement  we  find  among 
anatomifts. 

Of  the  Coats  of  the  Eye. 

The  eye  is  compofed  externally  of  three  coats 
or  teguments,  one  covering  the  other,  and  forming 
a  ball  perfectly  globular,  except  at  the  fore  part, 
which  is  a  little  more  protuberant  than  the  reil  ; 
within  this  ball  arc  three  different  fubftances,  called 
Rumours. 

The  firft,  or  outer  coat,  is  called  the  A  t 

T  3  the 
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the  fecond,  or  middle  one,  is  called  the  choroidal 
the  interior  one  is  named  the  retina. 

Silfrcticd.  Cornea.  The  exterior  membrinc, 
which  inclofes  and  covers  the  whole  eye,  is  called 
fclerotica  and  cornea:  it  is,  however,  ftridtly  fpfcak- 
ing,  but  one  and  the  fame  membrane,  with  differ 
rent  names  appropriated  to  different  parts;  the 
hinder  and  opake  part  being  more  generally  deno, 
mina:ed  the  fclerotica,  the  fore  and  tranfparent  part 
the  cornea. 

The  hlrrziica  is  hard,  eUftic,  of  a  white  co- 
lour, rcfembiing  a  kind  of  parchment;  the  hinder  1 
par:  :s  very  :hick  and  opake,  but  it  grows  gradually 
thinner  as  it  advances  towards  the  part  where  the 
uh::c  of  :he  eye  terminates.  The  fore  part  is  thin- 
ner,-nd  tmnfparent ;  it  is  aifo  more  protuberant  and 
*^r.\ex  than  the  reft  ot  the  eye,  appearing  like  a 
Kv.:v.er.:  of  a  fmail  fphcre  applied  to  a  larger,  and 
;>  ..vU\:. .  vr  ■;.--.:  from  it's  tranfparency.  The  cornea 
:<  :V;\,  ::ror.i:.  and  infenlible;  it's  tranfparency  is 
. .  v::V.:  v  for  :he  free  admillion  of  the  light.  This 
•^viv^e  is  compofed  of  feveral  plates,  laid  one 
v-  .-.  :he  ^:her,  replcniihed  with  a  clear  water,  and 
:v.\  .*\i  \eliVls;  thelV  plates  are  more  evidently 
,-  .".w:  in  the  fore  t;  an  the  hinder  part.  The 
:.  .*■■**:  :.u  is  embraced  on  it's  outfide  by  lix  mufclcs, 
b*  which  the  eye  may  be  moved  in  any  direction. 

Cvroides.  Uvea.  Iris.  Under  the  fclerotica 
«n  a  membrane,  known  by  the  name  of  the  cboroides; 
w  is  a  foft  and  tender  coat  compofed  of  innume- 
rable \eilels;  it  is  concentric  to  the  fclerotica, 
awA  adheres  clofely  to  it  by  a  cellular  fubftanct^ 
and  many  vefTels.  This  membrane  is  outwardly  of 
a  brown  colour,  but  inwardly  of  a  more  niffct 
brown,  almoit  black.  Like  the  fclerotica,  it  i§dif- 
:in£ui(iicd  by  two  different  names,  the  fore  part 
being  called  the  uvea,  while  thg  hinder  part  rc- 
lains  the  name  of  the  cboroides. 


Nature  and  Properties  of  Light.       279 

The  fore  part  commences  at  the  place  where 
5  cornea  begins :  it  here  attaches  itfelf  more 
ongly  to  the  fclerotica  by  a  cellular  fubftance, 
rming  a  kind  of  white  narrow  circular  rim :  the 
.oroides  feparates  at  this  place  from  the  fclcro- 
:a,  changes  it's  direction,  turning,  or  rather  fold- 
g,  dire<5Uy  inwards,  towards  the  axis  of  the  eye, 
itting  the  eye  as  it  were  tranfverfely :  in  the 
iddle  of  this  part  is  a  round  hole,  called  the  pupil, 
'  fight  of  the  eye :  the  pupil  is  not  exadly  in  the 
iddle  of  the  iris,  that  is  to  fay,  the  centers  of  the 
ipil  and  iris  do  not  coincide,  the  former  being 
httle  nearer  the  nofc  than  the  latter. 

This  part,  when  it  has  changed  it's  direction, 
no  longer  called  the  choroides ;  but  the  anterior 
rface,  which  is  of  different  colours,  in  different 
bjefts,  is  called  the  iris ;  the  pofterior  furface  is 
lied  the  uvea,  from  the  black  colour  with  which 
is  painted.  The  iris  has  a  fmooth  velvet-like  ap- 
arance,  and  feems  to  confift  of  fmall  filaments 
gularly  difpofed,  and  dirc&ed  towards  the  center 
the  pupil. 

The  eye  is  denominated  blue,  black,  &c.  ac- 
riling  to  the  colour  of  the  iris.  The  more  gene- 
I  colours  are  the  hazel  and  the  blue,  and  very 
ten  both  thefe  colours  are  found  in  the  fame  eye, 
has  been  obferved,  that  in  general  thofe,  whofc 
ir  and  complexion  are  light-coloured,  have  the 
s  blue  or  grey ;  and  on  the  contrary,  thofe  whofe 
ir  and  complexion  are  dark,  have  the  iris  of  a 
ep  brown:  whether  this  occafions  any  difference 
the  fejife  of  vifion,  is  not  diftoverable.  Thofe 
cs  which  are  called  black,  when  narrowly  in- 
•died,  are  only  of  a  dark  hgzel  colour,  appearing 
ick,  becaufc  they  are  contrafted  with  the  white 
the  eye.  "  The  black  and  the  blue  arc  the  molt 
autiful  colour  find  give  moft   fin:  and  vivacity 

cpreffion  to  EJn  black  eyes  there  is 

more 
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more  force  and  impetuofity ;  but  the  blue  excel  ia 
fvvcetnefs  and  delicacy." 

The  pupil  of  the  eye  has  no  determinate  fizc, 
being  greater  or  fmaller,  according  to  the  quantity 
of  light  that  falls  upon  the  eye.  When  the  light  it  |r 
ftrong,  or  the  vifual  object  too  luminous,  we  con- 1" 
tract  the  pupil,  in  order  to  intercept  a  part  of  the 
light,  which  would  otherwife  hurt  or  dazzle  our. 
leycs ;  but  when  the  light  is  weak,  we  enlarge  the 
pupil,  that  a  greater  quantity  may  enter  the  eye, 
and  thus  make  a  ftronger  impreflion  upon  it.  This 
aperture  dilates  alfo  for  viewing  dillant  .objects, 
and  becomes  narrower  for  fuch  as  are  near.  The 
contraction  of  the  pupil  is-  a  ftate  of  violence,  ef- 
fected by  an  exertion  of  the  will :  the  dilatation  is 
a  rcmiflion  of  power,  or  rather  an  intermiflion  of 
volition.  *  The  latitude  of  contraction  and  dilata- 
tion of  the  pupil  is  very  confidcrable ;  and  it  is 
very  admirable,  that  while  the  pupil  changes  it's 
piagnitade  it  prcferves  it's  figure. 

AnatomiiL  arc  not  agreed,  whether  the  iris  be 
compofed  of  two  fcts  of  fibres,  the  orbicular  and 
radial,  or  of  either.  Haller  fays,  he  could  never dif- 
covcr  the  orbicular  fibres,  even  with  a  microfcope; 
the  radial  feem  vifible  to  the  naked  eye,  and  are 
fuffscient  to  anfwer  all  the  purpofes  required  in  the 
motion  of  the  iris:  when  the  pupil  is  contraded 
the  radial  fibres  are  ftrait,  when  it  is  dilated  they  | 
are  drawn  into  ferpentine  folds. 

In  children  this  aperture  is  more  dilated  than 
in  grown  pcrfons.  In  elderly  people  it  is  itill 
fmaller  than  in  adults,  and  has  but  little  motion; 

hence 

*  Anatomies  o'ifcrve.  that  in  animals  of  prey,  both  beads 
*r.d  bird.-.,  the  pupil  is  rouiid  as  in  man,  which  fits  them  to  fee 
every  way  ;  but  in  iar^e  animals  which  feed  on  grafs,  the  pupil 
is  oblong  horizontally,  for  taking  in  a  large  circular  Ipace  of 
ground:  the  pupil  in  animals  of  the  cat  kind,  which  climb  tree*, 
*nd  want  to  look  upwards  and  downwards,  is  oblong  vertically. 
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hence  it  is,  that  thofc  who  begin  to  want  fpe<5taclesf 
are  obliged  to  hold  the  candle  between  the  eye  and 
the  paper  they  read,  that  the  ftrong  light  of  the 
candle  may  force  their  rigid  pupils  into  fuch  a  (late 
of  contraction,  as  will  enable  them  to  fee  diftinftly.* 
Thofe  who  are  {hort-fighted,  have  the  pupils  of 
their  eyes,  in  general,  very  large ;  whereas  in  thofe 
whofe  eyes  are  perfeft,  or  long-fighted,  they  are 
fmaller. 

The  whole  of  the  choroides  is  opake,  by  which 
means  no  light  is  allowed  to  enter  into  the  eyef 
but  what  paffes  through  the  pupil.  To  render  this 
opacity  more  perfect,  and  the  chamber  of  the  eye 
dill  darker,  the  pofterior  furface  of  this  membrane 
is  covered  all  over  with  a  black  mucus,  called  the ' 
pigmentum  nigrum.  This  pigment  is  thinneft 
upon  the  concave  fide  of  the  choroides,  near  the 
retina,  and  on  the  fore  fide  of  the  iris;  but  is  thickeft 
on  the  exterior  fide  of  the  choroides,  and  the  inner 
fide  of  the  uvea. 

The  circular  edge  of  the  choroides,  at  that 
part  where  it  folds  inwards  to  form  the  uvea,  feems 
to  be  of  a  different  fubftance  from  the  reft  of  the 
membrane,  being  much  harder,  more  denfe,  and 
of  a  white  colour ;  it  has  been  called  by  fome  wri- 
ters the  ciliary  circle,  becaufe  the  ligamentum 
ciiiare  (of  which  we  (hall  foon  fpeak)  arifes  from  it. 
Retina.  The  third  and  laft  membrane  of  the 
pye  is  called  the  retina,  becaufe  it  is  Jpread  like  a 
net  over  the  bottom  of  the  eye ;  others  derive  the 
name  from  the  refemblance  of  the  net  which  the 
gladiators  called  retiarii,  employed  to  entangle 
their  antagonifts.  It  is  the  thinneft  and  leaft 
folid  of  the  three  coats,  a  fine  expanfion  of  the 
medullary  part  of  the  optic  nerve.  The  convex 
fide  of  it  lines  the  choroides,  the  concave  fide 
covers  the  furface  of  the  vitreous  humour,  tcrmi-. 

Hating  where   the  choroides   folds    inwards.      It 
"•■•.■■■■■;  '  js 


28a      LicTures  on  Natural  Philosophy, 


is  an  cflential  organ  of  vifion;  on  it  the  images 
of  obje<£is  arc  reprcfented,  and  their  picture 
formed.  This  membrane  appears  to  be  black 
in  infants,  not  fo  black  at  the  age  of  twenty,  of 
a  greyiih  colour  about  the  thirtieth  year,  and  in 
very  old  age  almoft  white.  The  retina,  however, 
is  always  tranfparent  and  colourlefs :  any  appa- 
rent changes,  therefore,  of  it's  colour  muft  de- 
pend upon  alterations  of  the  pigment am,  which  u 
feen  through  it. 

Optic  Nerve.  Behind  all  the  coats  is  fituated 
the  optic  nerve,  which  partes  out  of  the  fcull, 
through  a  fmall  hole  in  the  bottom  of  the  orbit 
which  contains  the  eye*  It  enters  the  orbit  a  lit- 
tle infle&edj  of  a  figure  fomewhat  round,  but 
comprefled,  and  is  inferted  into  the  globe  of  the 
eye,  not  in  the  middle,  but  a  little  higher  and 
nearer  to  the  nofe  ;  an  artery  runs  through  the  optic 
nerve,  goes  ftrait  through  the  vitreous  humour, 
and  fprcads  itfelf  on  the  membrane  that  covers  the 
backfidc  of  the  cry ftal line. 

Monf.  Mariotte  has  demonflratcd,  that  our 
eyes  are  infenfible  at  the  place  where  the  optic 
nerve  enters  ;  if,  therefore,  this  nerve  had  been 
fituated  in  the  axis  of  the  eye  itfelf,  then  the 
middle  part  of  every  objed:  would  have  been  in- 
vifiblc,  and  where  all  things  contribute  to  make 
us  fee  bed,  we  fhould  not  have  feen  at  all ;  but 
it  is  wifely  placed  by  the  divine  artift  for  this  and 
other  advantageous  purpofes,  not  in  the  middle, 
but,  as  we  have  already  obferved,  a  little  higher 
and  nearer  to  the  nofe, 


Of  the  Humours  of  the  Eye? 


The  coats  of  the  eye,  which  inveft  and  fup- 
port  each  other,  after  the  manner  of  an  onion, 
or  other  bulbous  root,  include  it's  humours,  by 

which 
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lich  name  arc  undcrftood  three  fubftances,  the 
one  a  folid,  the  fecond  a  foft  body,  and  the  third 
truly  a  liquor.  Thefe  lubftances  are  of  fuch  forms 
and  transparency,  as  not  only  to  tranfmit  readily 
the  rays  of  light,  but  alfo  to  give  them  the  po~ 
fit  ion  beft   adapted  for  the   purpofes   of   vifion, 

«hcy  arc  clear  like  water,  and  do  not  tinge  the 
►jed:  with  any  particular  colour. 

Aqueous  Humour.  The  moft  fluid  of  the  three 
humours  is  called  the  aqueous  one,  filling  the  great 
interftice  between  the  cornea  and  the  pupil,  and 
alfa  the  fmall  fpacc  extending  from  the  uvea  to 
the  crystalline  lens;  it  is  thin  and  clear  like  water, 
though  fomewhat  more  fpirituous  and  vifcous ; 
it'*  quantity  is  lb  coniiderablc,  that  it  fwclls  out 
the  fore  part  of  the  eye  into  a  protuberance  very 
favourable  to  viiion.  The  uvea  fwims  in  this 
fluid.  It  covers  the  forepart  of  the  cryfhdline  ; 
that  part  of  this  humour,  which  lies  before  the 
u\ea,  communicates  with  that  which  is  behind, 
by  the  hole  which  forms  the  pupil  of  the  eye.  It 
is  included  in  a  membrane,  lb  tender,  that  it  can* 
not  be  made  vifiblc,  nor  prefer ved,  without  the 
moft  concentrated  lixivia!  Huid. 

It  has  not  been  clearly  afcertaincd  whence 
this  humour  is  derived  ;  but  it's  fou re c  muft  be 
plentiful  ;  for  if  the  coat  containing  it  be  fo 
wounded  that  all  the  humour  runs  out,  and  the 
eye  be  kept  clofed  for  a  feafon,  the  wound  will 
heal,  and  the  fluid  be  recruited. 

The  colour  and  confidence  of  this  humour 
alters  with  age ;  it  becomes  thicker,  cloudy,  and 
lefs  rranfparent,  as  we  advance  in  jeors,  which  is 
one  reafon,  among  others,  why  many  elderly  peo- 
ple do  not  reap  ail  that  benefit  from  fpecftaclcs 
which  they  might  naturally  expect. 

Crxjlalline*  The  fecond  humour  of  the  eye 
is  the  crxj}dlllnet  which  is  as  tranfparcnt    as  the 

purcft 
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lilies,  or  little  membranous    compartments,  con* 
taining  a  very  tranfparent  liquor. 

Ligamentum  Ciliafe*  There  is  ftill  one  part 
to  be  defcribed,  which,  though  very  delicate  and 
frnall,  is  of  great  importance  ;  it  is  called  the 
ligamentum  ciliare,  becaufe  it  is  compofed  of 
frnall  filaments,  or  fibres,  not  unlike  the  cilia, 
or  cv  la  flies  \  thefe  fibres  arife  from  the  infide  of 
the  <  horoides,  all  round  the  circular  edge,  where 
it  joins  the  uvea;  from  whence  they  run  upon 
the  fore  part  of  the  vitreous  humour,  at  that  place 
where  it  divides  to  cover  the  cryftalline ;  thofc 
fibres  are  at  fome  diftance  from  one  another,  but 
the  interfaces  are  filled  up  with  a  dark-coloured 
mucus,  giving  it  the  appearance  of  a  black  mem 
brane. 


Of  the  Figure  representing  the  Eye. 

Figure  i,  reprcfents  a  fed  ion  of  the  eye 
through  the  middle,  by  an  horizontal  plane  patting 
through  both  eyes ;  the  diameter  of  the  figure 
is  about  twice  the  diameter  of  the  human  eye. 

The  outermoft  coat,  which  is  called  Jclerotica% 
is  reprefeftted  by  the  fpace  between  the  two  exte- 
rior circles  BFB;  the  more  globular  part,  ad- 
joining to  the  fclerotica  at  the  points  BB,  re- 
prefented  by  the  fpace  between  the  two  circles 
at  BAB,  is  the  cornea. 

The  next  coat  under  the  fclerotica  is  a  mem- 
brane of  lefs  firmnefs,  reprefented  by  the  two 
innermoft  circles  of  BFB,  and  called  the  cbo- 
roides. 

Adjoining  to  the  choroides,  at  B  B,  is  a  flat 
membrane,  called  the  uvea,  a  a  is  the  pupil, 
being  a  frnall  hole  in  the  uvea,  a  little  nearer  the 
nofe  than  the  middle, 

V  the 
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V  the  optic  nerve;  the  fibres  of  this  nerve, 
after  their  entrance  into  the  eye,  fpread  them- 
felves  over  the  choroides,  forming  a  thin  mem- 
brane, called  the  retina,  and  is  reprefented  in 
the  figure  by  the  thick  fhade  contiguous  to  the 
circle   BFB. 

E  E  is  the  cryftalline  humour ;  it  is  fufpended 
by  a  mufcle  BbbB,  called  the  ligament  urn  cili- 
are.  This  mufcle  arifes  behind  the  uvea  at  BB? 
where  the  fclcrotica  and  cornea  join  together  at 
b  b,  it  enters  the  capfula,  and  thence  fpreads  over 
a  great  part  of  it's  anterior  furface. 

The    aqueous    humour  occupies    the  fpace 
BABbCb. 

The  larger  fpace  B  b  D  b  B  F  contains  the 
vitreous  humour. 

The  foregoing  defcription,  I  prefume,  will 
be  found  fufficient  to  give  a  general  idea  of  the 
conftrudion  of  this  wonderful  organ:  for  a  ful- 
ler account  I  muft  refer  you  to  the  writers  on 
anatomy.  Enough  has  been  exhibited  to  fhew  with 
what  art  and  wifdom  the  eye  has  been  conftrudted. 
4€  And  he  muft  be  very  ignorant  of  it's  ftrudture, 
or  have  a  ftrange  caft  of  underftanding,  who  can 
ferioufly  doubt,  \*  hether  or  not  the  rays  of  light  and 
.  the  eye  were  made  for  one  another,  with  confum- 
mate  wifdom,  and  perfedt  (kill  in  optics." 

<c  If  we  (hould  fuppofe  an  order  of  beings  en- 
dued with  every  human  faculty  but  that  of  light, 
how  incredible  would  it  appear  to  fuch  beings,  ac- 
cuftomed  only  to  the  flow  information  of  touch, 
that,  by  the  addition  of  an  organ,  confifting  of  a 
-  ball  and  focket  of  an  inch  diameter,  they  might  be 
enabled,  in  an  inftant  of  time,  without  changing 
their  plaice,  to  perceive  the  difpoiition  of  a  whole 
army,  the  order  of  a  battle,  the  figure  of  a  magni- 
ficent palace,  or  all  the  variety  of  a  beautiful  land- 
fcapc  ?  If  a  man  were,  by  feeling,  to  find  out  t' 

fig 
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figure  of  the  Peak  of  Teneriffc,  or  even  of  Sh 
Peter's  church  at  Rome,  it  would  be  the  work  of 
a  life-time. 

*c  It  would  appear  ft  ill  more  incredible  to  fueh 
beings  as  we  have  fuppofed,  if  they  Mere  informed 
of  the  difcovcries  which  may  be  made  by  this 
Jittle  organ,  in  things  far  beyond  the  reach  of  any 
other  fenfe.  That,  by  means  of  it,  \vc  can  findouf 
way  on  the  pathlefs  ocean,  traverfe  the  globe  of 
the  earth,  determine  it's  fizc  and  figure,  meafure 
the  planetary  orbs*  and  make  difcovcries  in  the 
fphere  of  the  fixed  ftars. 

g*  Would  it  not  appear  ft  ill  more  aftoniftiing 
to  thefe  beings,  if  they  lhould  be  further  JntbrmeJi 
that  by  means  of  this  organ  we  can  perceive  the 
tempers  and  difpofitions,  the  affections  and  pafllons* 
of  our  fellow-creatures,  even  when  they  want  moft 
to  conceal  them?  that  by  this  organ  we  can  often 
perceive  what  is  ftrait  and  crooked,  in  the  mind  as 
well  as  the  body?  that  it  participates  of  every 
mental  emotion,  thefofteft  and  moft  tender,  as  well 
as  lite  moft  violent  and  tumultuous?  that  it  exhi- 
bits thefe  emotions  with  force,  and  infufes  into  the 
foul  of  the  fpcilator  the  fire  and  the  agitation  of 
that  mind  in  which  they  originate?  To  many 
myfterious  things  muft  a  blind  man  give  credit,  if 
he  will  believe  the  relations  of  thofe  that  fee!  his 
faith  muft  exceed  that  which  the  poor  fceptic  de- 
rides as  impollible,  or  condemns  as  abfurd. 

"  It  is  not,  therefore,  without  rcafon,  that  the 
faculty  of  feeing  is  looked  upon  as  more  noble 
than  the  other  fenfes,  as  having  fomething  in  it 
fuperior  to  fenfation,  as  the  fenfc  of  the  under- 
ftanding,  the  language  of  intelligence.  The  evU 
•knee  of  reafon  is  called  feeing^  not  feeling,  fnaelU 
ing,  tailing;  nay,  we  exprefs  the  manner  of  the 
divine  knowledge  by  feeing^  as  that  kind  of  know- 
ledge which  is  the  moft  perfed:  in  Qurfelves/'* 

Or 

*  Rcid's  Inquiry  \ulo  V\\c  \\\KWttV»V\tA, 
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Or  Vision, 

The  representation  of  objefts  upori  a  fheet  of 

apcr,  by  means  of  a  lens  placed  at  a  hole  in  a  win- 

ow-ftiutter,  is  exceedingly  iimilar  to  what  hap- 

cas  to  our  eye*  when  we  view  objects.     For  vi- 

lion,  fo  far  as  our  eyes  are  concerned  confifts  in 

nothing  but  fuch  a  refraction  of  the  rays  of  light  by 

he  tranfparcnt  fkins  and  humours  of  the  eye  as  will 

form  a  diftindt  pi&ure  of  the  object  on  the  retina. 

"For  the  ftrufture  of  the  eye  plainly  indicates,  that 

in  order  to  attain  diftinft  virion,  it  is  neeefiary  that 

certain  quantity  of  rays  from  every  vifiblc  point 

of  an  object  iliould  be  united  at  the  bottom  of  the 

,  and  that  the  points  o(  union  of  the  rays  of  the 

different  pencils  fliould  he  as  diitinft  and  fcparate 

a>  poflible. 

The  eye  is  admirably  contrived  for  effecting 
thefe  purpofes  :  all  the  rays  coining  from  any  viiible 
point  of  an  object,  that  can  enter  the  pupil,  arc 
United  clofcly  together  upon  the  retina,  and  there- 
by make  a  much  more  powerful  and  ftronger  im- 
prdlion  than  a  iingle  ray  alone  could  do  ;  to  anfwer 
this  purpofe,  the  retina  is  placed  at  a  proper  dif- 
tan  id  the  refracting  furfaces,  and  each  pen-* 

CU  ol  rays  is  refracted  orderly  into  diitindl  focufes, 
that  the  whole  object  may  be  dittindly  fcen  at  the 
fame  infant. 

Thefe  effctfls  are  owing  to  the  refraftidn  of  the 
fays  of  light ;  for  if  thefe  rays  were  not  fo  refract- 
ed, very  few  of  them  would  ftrike  upon  the  leaft 
fcnfible  point  of  the  viiionary  nerve,  and  the  rayi 
from  different  obje&s,  or  from  different  parts  of 
the  fame  objects,  would  ftrike  at  the  fame  place  at 
once,  and  thus  create  an  indiltindncfs  equal  to 
Windnefs. 

When  the  light  is  weak  or  ftrong,  the  pupil  is 
Vol.  II.  U  accordingly 
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;s  of  different  colours;  the  globe  of  the  eye  is 
fented  by  a  glafs  ball.  Fig.  8,  pL  3,  is  the  im- 
itate of  the  eye.  Fig.  9,  pi.  3,  reprefents  the 
railing  Ihort  of  the  retina  for  a  (hort-fighted 
Fig.  10,  pL  4,  exhibits  the  a&ion  of  the  rays 
ong-fighted  eye.  Let  P  Q  R,  fig.  8,  pf.  3,  be 
>je<a ;  then  the  pencils  of  light  B  P  B,  B  Q  B, 
I,  from  the  points  P  Q  R>  are  firft  rcf railed  by 
ornea,  fo  as  to  belong  to  focufes  behind  the 
then  by  the  anterior  furface  of  the  cryftalline 
>ur,  they  are  again  refra&ed  towards  focufes 
r  to  the  eye  than  before ;  and  laftly,  in  going 
if  the  cryftalline  into  the  vitreous  humour, 
ire  again  refra&ed,  fo  as  to  unite  in  the  points 
In  like  manner,  the  pencils  of  rays  coming 
*  cornea  from  every  phyfical  point  of  theob- 
1 Q  R,  are,  by  the  different  retracing  fur  faces 
e  eye,  brought  orderly  to  unite  upon  the  re- 
and  there  form,  as  it  were,  an  image  pqr  of 
bjert,  but  in  an  inverted  poiition ;  the  upper 
:>f  the  objeft  being  painted  upon  the  lower 
>f  the  retina,  the  right  fide  of  the  objed:  upon 
ft  of  the  retina,  and  fo  of  other  parts.  Thus 
ivity  of  the  eye  is  a  kind  of  camera  obfeura, 
>rnea  and  cryftalline  making  a  fort  of  com- 
1  lens,  whofe  aperture  is  limited  by  the  breadth 
the  pupil.  And  that  the  parts  of  the  eye  arc 
ed  to  produce  fuch  an  image,  may  be  proved 
periment :  for  if  the  tunica  fclerotica  be  taken 
from  the  back  of  an  eye  newly  taken  out  of 
sad  of  any  animal,  and  this  eye  be  placed  in 
i  made  in  the  window-ftiutter  of  a  dark  room, 
t  the  bottom  of  the  eye  be  towards  you,  a 
iful,  but  inverted,  pidture  of  external  objects 
>e  exhibited,  painted  in  the  moft  lively  co- 

f  the  humours  of  the  eye,  by  age,  or  any  other 

Ihrink  and  decay,  the  cornea  and  cryftalline 

U  2  gro.v 
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grow  flatter  than  before ;  and  the  rays  not  b 
Sufficiently  bent,  arrive  at  the  retina  before  they 
united  in  their  focus,  and  meet  in  fame  place 
hind  it,  fee  jig.  13,  pi.  4,  and  therefore  form  anil 
perfed  piduxe  at  the  bottom  of  the  eye,  and  e ' 
bit  the  object  in  a  confuted  and  indiftinft 
This  defed,  of  which  we  fhall  treat  more  partict 
larly  hereafter/is  remedied  by  fpe6fcacks  wkhcoi 
vex  glafles,  w  hich,  by  ncfeafing  the  refraction 
the  rays  of  light,  cauft  ficm  to  converge  more,! 
thus  convene  diftindtfy  at  the  bottom  of  the  eye. 
On  the  other  hand,  if  the  cornea  and  cryfli 
Kne  be  too  convex,  the  rays  unite  before  their  11 
rival  at  the  retina,  fee  jig.  9,  />/*3;  and  the  iffil 
thereon  is  of  courfe  ind  IlinCt.  Th  is  defe&,  like  t 
preceding  one,  may  be  remedied  by  the  ufc 
glalTes,  though  of  a  contrary  figure ;  for  here  th 
muft  be  concave,  inftcad  of  convex :  a  lens,  ol 
proper  concavity,  placed  before  the  eye,  will  im 
the  rays  diverge  fo  much  more  than  they  do  in  th 
natural  Hate,  as  will  caufc  them  to  meet  at  t 
retina. 

Of  the  Artificfal  Eye* 

If  the  eye  of  an  animal  be  taken  out*  and 
fkin  and  fet  be  carefully  dripped  off  from  the  b 
part  of  it,  till  only  the  thin  membrane,  whkl 
called  the  retina,  remains  to  terminate  it  bchi 
and  any  objedl  be  placed  before  the;  front  of 
eye,  the  pidure  of  that  obje&  will  be  feen  figi 
as  with  a  pencil  on  the  retina.  There  are  thomfi 
of  experiments  which  prove  that  this  is  the) 
chanical  effecfl  of  vifion  ;  but  none  of  them  iA 
render  it  fo  evident  as  this  with  the  eye  o*"  -^ 
mal :  an  eye  of  an  ox  newly  killed,  fhewe 
and  with  very  little  trouble. 

The  optical  c&c&s  of  vifion  nr 
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ugly  ?nd  iatisfa&orily  illuftrated  by  the  inftru- 
icnt  which  is  called  an  artificial  eye%  and  which 
is  been  lately  confiderably  improved  by  Mr. 
nith. 

The  artificial  eye  is  fo  conftru&ed  as  not  only 
rfhcw  the  optical  effeds  of  vifion,  but  to  give  alfo 
I  accurate  idea  of  it's  conformation.  It  is  one  of 
t  mod  perfc<£t  and  fatisfaftory  inftruments  in  a 
tilofophical  apparatus. 

The  part  reprefenting  the  globe  of  the  eyef 
d  containing  the  humours,  is  fixed  in  a  focket 
litre  it  may  be  moved  in  any  diredion.  This 
cket  is  fixed  to  a  fcreen  to  (hade  the  eye,  that  the 
fture  formed  on  the  back  part  may  be  more  dif* 
kfl:  the  hole  in  the  front  of  the  fcreen  is  fhaped 
d  coloured  fo  as  to  exhibit  nearly  the  form  of 
rcye. 

Take  the  eye  in  your  hand,  and  turn  it  to- 
irds  any  bright  object,  at  a  moderate  diftance, 
d  you  will  fee  a  lively,  beautiful,  diftinct,  but  in*. 
rted  pi&ure  of  the  objc<5l  before  it,  on  the  rough 
rt  of  the  glafs  reprefenting  the  retina* 

Unfcrew  the  coyer  that  confines  the  ball  of 
\  eye,  and  take  it  out  that  we  may  difled  it. 
ie  outermoft  coat  reprcfents  the  /cUrotica,-  the 
>re  protuberant  part  is  the  corne/i. 

This  being  removed,  you  find  a  plano-convex 
s,  reprefenting  the  firji  chamber  of  the  aqueous 
nour;  under  this  is- a  fiat  piece  of  tortoifefhell,  to 
relent  the  iris,  with  a  hole  in  the  middle  for  the 
>///  this  being  removed,  you  find  a  plano-coi)- 
e  lens,  forming  thtfecond  chamber  of  the  aque- 
humour.  Now  take  off  the  fecond  coat,  or  the 
►roides,  and  you  will  -find  a  fmall  lens,  whofe 
3  are  of  unequal  convexities,  to  reprefent  the  cry- 
fine  humour ;  underneath  this  is  a  large  glafs  of 
fliape  jEDE  V,   "  */.  3,  occupying  the  reft 

of 
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1  of  the  globular  fpace,  and  anfwering  to  the  vitreoa 
humour. 

To  reprefent  the  nature  of  vifion  in  a  lone- 
lighted  eye,  I  fubftitute  a  plano-convex  lensfortSe 
firft  chamber  of  the  aqueous  humour,  whofe  con- 
vexity is  lcfs  than  that  we  ufed  before.  Turn  the 
eye,  in  this  itatjfc,  towards  a  bright  objedl,  and  jfli 
find  the  image  thereof  is  very  imperfefl  on  theft* 
tina ;  but  on  applying  a  proper  lpeftacle  glafs  to* 
fore  the  eye,  you  obtain  a  perfedl  image. 

By  fubftituring  a  more  convex  lens  for  the  fill 
chamber  of  the  aqueous  humour,  we  have  a  flwiti 
lighted  eye,  and  an  imperfedl  pidture  on  the  rctiw 
by  placing  a  proper  concave  lens  before  the  cye» 
the  rays  are  rendered  lefs  convergent,  and  made  to 
unite  at  the  retina,  and  there  form  a  diftinft  fringe 
of  the  objefts  as  before. 

Of  thb  inverted  Position  of  the  Imagl 

If  vifion  be  owing  to  the  pidture  on  the  retina, 
it  may  be  aiked,  why  the  objeft  appears  in  it's  na- 
tural upright  pojition  ?  how,  when  nature  draws  the 
pi&ure  the  wrong  way,  her  errors  are  fo  readily 
corre<fted  ? 

If  it  were  as  eafy  a  talk  to  give  a  fatisfa&ory 
explanation  of  this  abltcufe  queftion,  as  it  is  to  ftart 
objections  to  every  fyftem  hitherto  fuggefted,  to 
account  for  the  operations  of  the  mind  on  the  body, 
and  the  body  on  the  mind,  it  would  have  been  ex- 
plained long  ago.* 

The  difficulty  would  be  ftill  greater,  if  it  was 
the  picture  we  faw,  and  not  the  objed ;  but  the 
pi£ure  is  not  /ten  at  all,  the  eye  can  fee  no  part  of 
itfelf;  the  picture  is  the  inftrument,  by  means  of 

which 

*  See,  on  this  fubjeft,  Reid  on  the  Mind,  Porterfield  on  th« 
Eve,  Hartley  on  Man,  bonnet's  EfTai  Analytique  fur  TAme, 
Jicrkcley  on  Vifion,  &c,  &c. 
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•  **rhich  the  objeA  is  perceived  ;  but  it  is  not  per- 
^ptaved  itfelf;  the  inftrument  neither  perceives, 
Compares,  nor  judges  ;  thefe  are  powers  peculiar  to 
*hat  pfycological  unity  which  we  call  the  mind. 

It  is  abfolutely  ncccflary,  in  confidcring  this 
ilibjedt,  to  diftinguifh  between  the  organ  of  per- 
ception, and  the  icing  that  perceives.     A  man  can- 
*iot  fee  the  fatcllrtes  of  Jupiter,  unlefs  affilled  by  a 
*eIefcope:  docs  he  therefore  conclude  from  this, 
-that  it  is  the  telefcope  that  fees  thofe  fatellites?  By 
*io  means;  the  conclufion  would  be  abfurd:  nor 
Avould  it  be  Ids  abfurd  to  conclude,  that  it  is  the 
"'eye  that  fees :  the  eye  is  a  natural  organ  of  fight, 
TOit  the  natural  organ  fees  as  little  as  the  artificial. 
Our  fenfes  arc  inftruments,  fo  framed  by  the 
Author  of  our  being,  that  they  correfpond  with, 
w  have  a  determined  relation  to,  thofe  qualities  in 
objedls  which  they  are  to  manifeft  to  us.    It  is  thus 
with  the  eye;  it  is  an  inftrument  mod  admirably 
contrived   for   manifefting  viliblc   objects   to  the 
~   mind  ;  for  this  purpofe,  it  retracts  the  rays  of  light, 
'  and  forms  a  picture  upon  the  retina ;  but  it  neither 
1    fees  the  object,  nor  the  picture.     The  eye  will  rc- 
v  fradt  the  rays  of  light,  and  form  the  picture,  after 
it  is  taken  out  of  the  head,  but  no  vilion  enfues. 
rr   Even,  when  it  is  in  it's  proper  place,  and  perfectly 
r    found,  an  obitruction  in  the  optic  nerve  takes  away 
vifion,  though  the  eye  has  performed  ail  it's  func- 
tions. 

We  know,  indeed,  how  the  eye  forms  a  pi<5ture 
of  yifible objects  on  the  retina;  but  how  this  picture 
makes  us  fee  objefls,  we  know  not:  and  if  experi- 
ment had  not  informed  us  that  fuch  a  picture  was 
neccflary,  we  lhould  have  been  entirely  ignorant  of 
it.-  The  feat  of  fenfation,  wherever  it  is  placed, 
does  not  appear  to  be  pa  (five  in  receiving  imagesy 
the  images  arc  the  occafion  of  it's  re-aCtion,  am 
directing  a  ray  from  itfelf  towards  every  objedk  i 

u4 
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s ;  and  this  ad  ion  and  re-ad  ion  are  recipro* 
v<«.  *nce  we  often  fee  objefis  when  the  eye  ii 
turned  i/om  them/  and  often  do  not  fee  the  object 
on  which  the  eye  is  turned,  if  the  attention  be 
otherwife  engaged. 

The  pictures  upon  the  retina  arc,  however*  t 
mean  of  vifion  t  for  fuch  as  the  pi  dure  is,  or  fuch 
as  the  adion  of  the  rays  of  light  is  on  the  retina! 
fuch  is  the  appearance  of  the  objed  in  colour  and 
figure,  diftindnefs  or  iH;ftindnefs,  brightnefsot 
faintnefs ;  but  as  we  arc  totally  ignorant  of  the 
ITiechanifm  of  the  mind,  vt  of  the  organization  of 
the  mental  eye,  we  cannot  fay  how  this  effed  ope* 
fates,  and  can  only  conclide,  that  the  natural  eye 
is  an  inftrument  of  vifion. 

It  appears  very  clear  from  Dr.  Darwin's  ex- 
periments, that  the  retina  is  often  in  an  afiive  flatc» 
and  that  upon  the  aflivity  of  this  organ  many  of 
the  phenomena  of  vifion  depend ;  an  lnipreflionon 
the  retina  being  fir  ft  made  by  an  adive  power, 
which  produces  a  conformable  change  and  Ifc 
adion,  that  pafles  di redly  to  the  fenforium,  oca« 
fioning,  though  in  an  unknown  manner,  the  per- 
ception of  objeds. 

On  a  fubjed,  therefore,  confefledly  fo  obfeurt, 
and  which  is  perhaps  beyond  the  limits  of  human 
conception  in  it's  prefent  flate,  every  explanation 
tnufl:  be  imperfed,  every  il lull  ration  inadequate. 
Among  the  various  attempts  of  human  lagacity,  to 
inew  why  an  inverted  image  is  the  mean  of  exhi- 
biting objeds  to  the  mind  in  an  upright  petition, 
the  following  is  perhaps  one  of  the  leaft  imperfeft. 

Every  point  of  an  objed  is  feen  in  the  diredion 
of  a  right  line,  paffing  from  the  pidure  of  that 
point  on  the  retina,  through  the  center  of  the  eye, 
to  the  objed  point ;  and,  therefore,  fuch  points  in* 
dicate  to  the  mind  the  exiftence  of  the  objed  point, 
gnd  it's  true  lituation ;  and  of  courfe,  that  the  ob- 
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jed,  whofe  pi&ure  is  lowcft  on  the  retina,  muft 
be  feen  in  the  higheft  dire&ion  from  the  eye  ;  and 
that  objed,  whofe  pid:ure  is  on  the  right  of  the 
retina,  muft  be  feen  on  the  left :  fo  that  by  a  na- 
tural law  of  our  conftitution,  we  fee  objedts  ereft 
by  inverted  images,  and  if  the  pictures  had  been 
ere&  on  the  retina,  we  fhould  have  feen  the  object 
inverted.* 

But  fuppofing  the  preceding  illuftration  to 
be  the  true  one,  and  quite  fatisfadory,  many 
difficulties  ftill  remain,  to  perplex  the  phito- 
fopher,  and  embarrafs  the  anatomift.  There 
are  parts  of  the  eye  which  affift  in  perfect- 
ing the  organ  of  viiion,  whofe  nature  and  func- 
tions are  among  the  defiderata  of  fcience.  We 
are  ignorant  of  the  office  of  the  optic  nerve* 
or  in  what  manner  it  performs  that  office.  That 
it  has  fome  part  in  the  faculty  of  feeing,  is  evU 
dent ;  becaufe  in  an  amaurolis,  which  is  (Sid  to 
be  a  diforder  of  the  optic  nerve,  the  piflurcs  on 
the  retina  are  clear  and  diftinA,  and  yet  there  it 
HO  viiion. 

We  know  ftill  lefs  of  the  ufe  and  functions 
of  the  choroid  membrane;  it  is  neceflary,  how- 
ever, to  viiion  t  for  it  is  well  known,  that  a  pic- 
ture upon  that  part  of  the  retina  where  it  is  not 
covered  with  the  choroid,  namely,  at  the  entrance 
of  the  optic  nerve,  produces  no  more  viiion  than 
a  pidure  upon  the  hand.f  There  are,  therefore, 
other  material  organs,  whofe  operations  are  ne- 
ceflary  to  feeing,  even  after  the  pictures  upon  the* 
retina  are  formed;  whenever  we  become  acquainted 

with 

•  Reid  on  the  Human  Mind. 

+  This  is  not  conclufive,  for  where  there  h  no  choroid,  there 
is  no  retina,  the  optic  nerve  i  not  yet  rxpv         *n*a  that 

membrane.     If  the  choroi 
retina,  there  ia  reafon  to  I 
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with  the  ufe  of  thefe  parts,  more  links  of  the 
Chain  will  be  brought  into  our  view,  and  we  (hall 
better  comprehend  this  wonderful  inftrument. 

Having  had  occafion  to  mention  that  there  is 
no  vifion  produced  by  that  part  of  the  retina 
which  is  not  covered  by  the  choroid  membrane, 
it  will  be  proper  to  iUuftr^te  this  circumftance 
more  fully,  and  (hew  in  what  manner  this  fad 
has  been  afcertained,  the  difcovery  of  which  oc- 
cufioned  a  long  controverfy  concerning  the  proper 
feat  of  vifion. 

Experiment*  Fix  three  black  patches,  A,B,C, 
upon  a  white  wall,  at  the  height  of  the  eye,  A 
being  to  the  left,  and  C  to  the  right :  place  your- 
felf  facing  thefe  patches,  Ihut  the  right  eye,  and 
direct  the  left  towards  the  patch  C,  you  will  then 
fee  both  A  and  C,  but  the  middle  patch  B  will 
difappear.  Or  if  the  left  eye  be  Ihut,  and  the 
right  diredted  towards  A,  you  will  dill  fee  both 
A  and  C,  but  B  will  difappear.  If  the  eye  be 
dire&ed  towards  B,  both  B  and  A  will  be  feen, 
and  not  C;  for  which  ever  of  the  patches  is  di- 
redly  oppofite  to  the  optic  nerve  vanifhes.  This 
experiment  is  rather  difficult  at  firft,  but  becomps 
eafy  by  a  little  prattice.  In  our  ufual  intercourfe 
with  common  obje&s,  we  are  not  fenfible  of  this 
defedt,  becaufe  wc  turn  the  vifual  parts  of  the 
eye  with  fo  much  rapidity  upon  the  invifible  part 
of  the  objc<ft,  that  the  lofs,  without  peculiar  at- 
tention, is  imperceptible ;  this  lofs,  however,  in 
one  eye,  is  remedied  by  the  ufe  of  both,  as  the 
part  of  the  object  that  is  not  feen  by  one,  will 
be  diftinftly  perceived  by  the  other.  This  defect 
of  fight,  though  common  to  every  human  eye, 
was  never  known,  until  it  vv^s  difcovered  by  the 
fagacity  of  Monf.  Mariottc  in  the  laft  century. 
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Of  the  Extent  or  Limits  of  Vision. 

Having  confidered  the  general  principles  of 
vifion,  I  (hall  now  proceed  to  coniider  further 
the  nature,  properties,  and  extent  of  power  of 
the  eyes.  As  in  a  dark  chamber,  a  very  flender 
beam  of  light  is  vifible ;  fo  in  all  cafes  when  the 
furrounding  medium  is  very  dark,  objecfls  are 
feen  by  fmall  quantities  of  light.  Hence,  when 
the  medium  round  the  eye  is  dark,  a  fmall  quan- 
tity of  light  will  fufficc  for  vifion,  the  eye  being, 
by  the  exclufion  of  the  adventitious  light,  rendered 
fenfible  to  the  mod  delicate  impreflions. 

The  extent,  therefore,  of  our  fight  is  increafed 
or  diminifhed,  in  proportion  to  the  quantity  of 
light  that  furrounds  us,  fuppofing  the  illumina- 
tion of  the  objedt  to  remain  the  fame.  Hence  it 
has  been  calculated,  that  if  the  fame  object,  which 
during  the  day  we  fee  at  the  diftance  of  3436 
times  it's  diameter,  were  equally  illuminated  du- 
ring the  night,  it  would  be  vifible  at  100  times 
greater  diftance. 

Thus  in  a  dark  night  the  feeble  light  of  a 
candle  may  be  feen  at  a  great  diftance;  and  the 
fixed  ftars,  though  they  have  no  fenfible  diameter, 
are  vifible,  and  the  darker  the  night,  the  more  of 
them  are  feen.'  A  certain  quantity  of  light  is, 
however,  neceflary,  even  in  this  cafe,  for  vifion; 
for  the  impreflions  of  light  from  the  fatellites  of 
Jupiter  and  Saturn,  are  too  keble  to  be  perceived 
without  the  afliftance  of  a  telefcope. 

At  the  approach  of  day,  and  as  the  twilight 
increafes,  the  eye  begins  to  be  enlightened  by  th1 
reflection  of  the  atmofphere,  the  ftars  grow  faintei 
and  in  proportion  as  the  light  increafes,  «• 
difappear,  firft  thofe  of  the  leaft,  and  a 
of  the  largeft  magnitude.     As  the  day 
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n  lerfelf  lores  of  her  luflre,  till  at  length 

Her  1  is  overpowered,   and  Che    h  no  longer 

fcen,  *n  the  fame  manner  fmall  particles  are  feea 
floating  in  abeam  of  light  let  into  a  darkened  room; 
but  as  foon  as  the  room  is  enlightened,  thofe  par- 
ticles difappear. 

One  of  the  reafons  why  we  are  often  unable 

diftinguiih   diftant  objeds,  is  the  profufion  of 

s  reflected  from  intermediate    objeds,  which, 

their  brilliancy,  prevent  us    from    perceiving 

fainter  rays  that  proceed  from  thofe  which  are 

*t  diftant *  fo  that  when  the  objedis    are  very 

tote,  their  picture  on  the  retina  is   eafily  ob- 

.-rated,  by  the   vigorous  and   lively  impreffiom 

le    by  thofe   that  are   nearer.     But  when  the 

lermcdiate  ones  emit  a  feeble  light,  when  com- 

■cd   to    that    which   proceeds   from    the    more 

note  ones,  thefe  will  form  a  diftin&  picture  on 

:  retina,  and  become  perfectly  vifiblc* 

The  extent  of  vifion  is  not  only  limited  by 
the  light  of  the  ambient  mcdiumt  which  enters 
the  eye  with  the  pencils  of  light  that  proceed  from 
furrounding  obje&s  ;  but  it  is  further  impeded  by 
the  heterogeneous  particles  that  are  conflantly 
floating  in  the  air:  thefe,  by  their  opacity  and 
refle&ive  power,  form  a  kind  of  veil,  that  obfeures 
the  vifion  of  remote  objects;  and  the  more  the 
medium  is  loaded  with  thefe  particles,  and  the 
more  remote  the  objeft  is  from  the  fpedtator,  the 
more  obfeure  and  indiftindt  it  will  appear,  and 
the  limits  of  vifion  be  more  confined. 

The  exhalations  which  continually  rife  from 
the  earth,  augment  this  obfeurity,  and  render  the 
air  lefs  tranfparent,  efpccially  near  the  earth:  the 
celeftial  bodies  generally,  therefore,  appear  more 
obfeure  when  near  the  horizon,  than  when  tfcw 
are  at  a  greater  elevation ;  becaufe,  in  t 
"afe,  they  are  feen  through  that  part  of 
4  1 


Nature  and  Properties  of  Light.      301 

mofphere  which  is  contiguous  to  the  furface  of 
the  earth ;  but  in  the  latter,  through  a  part  which 
is  at  a  greater  diftance. 

Every  one  knows,  that  objeds  at  a  given  dif- 
tance are  more  diftin&ly  feen,  and  are  vifiblc  at 
a  greater  diftance  in  clear,  than  in  foggy  weather. 
Thus  early  in  a  clear  morning,  and  when  the  air 
is  free  from  vapours,  and  not  much  enlightened, 
*  hill  or  a  head-land  is  vifible  at  a  great  diftance; 
but  as  the  day  advances,  the  land  becomes  more 
obfeure,  till  at  length,  by  the  great  opacity  of 
the  intervening  vapour,  and  the  light  refle&ed 
by  it  to  the  eye,  the  objedl  becomes  lefs  and 
Ief$  perceptible,  and  at  laft  totally  di (appears. 
Hills,  and  other  high  lands,  are  feen  more  diftin&ly 
in  the  morning,  partly  from  this  circumftance, 
that  by  their  elevation  they  are  more  illuminated 
than  the  parts  intervening  between  them  and  the 
fpc&ator. 

Bur  the  obfeurity  arifing  from  the  exhalations 
is  not  the  leaft  part  of  the  inconvenience  they 
occafion;  the  rifing  exhalations  have  a  kind  of 
undulating  motion,  like  that  of  fmoke  or  fteam, 
fo  that  obje&s  feeh  through  them  appear  to  have 
a  tremulous  or  dancing  motion,  which  is  fenfible 
even  to  the  naked  eye.  If  diftant  objedts  be 
viewed  on  a  hot  fummer's  day,  this  effedi  is  fo 
fenfible  in  telefcopes,  as  to  render  them  entijely 
ufelefs  for  tcrreftrial  obje&s,  when  they  aug- 
ment apparent  magnitude  more  than  eighty 
times. 

From  this,  want  of  tranfparenM  in  the  at- 
mofphere,  :ii.l.:i  '1  iui  gradual  dm»'  Jipn  in  the 
light  of  oj^H  nainters  ■£  aerial 

perfpe^itvej^  rffl'v  ^P  8*vc 

that  dcgrail  «  I  rntis  of 

outlines,  pc  ■    ||  HE  if 

the    air 
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Mould  be  equally  luminous  at  all  diftances,  be- 
caufc  the  vifible  area  and  the  denfity  of  light  de- 
creafe  in  the  fame  proper t ion . 

Another  caufe  which  limits  the  extent  of 
\ifion,  and  for  the  removal  of  which  optical  in- 
struments are  more  particularly  adapted,  is  their 
fmallnefs  in  proportion  to  their  diftances:  for 
excepting  in  the  cafe  of  luminous  obje&s  feen  in 
the  dark,  it  is  nccellary  that  an  image  on  the  re- 
tina fhould  have  fomfe  determinate  magnitude,  in 
order  to  become  perceptible  ;  thus  a  houfe  may 
be  fcen  at  a  considerable  diftance,  but  we  mull 
approach  nearer  before  the  windows  are  difeerni- 
ble,  and  nearer  ft  ill  to  diftinguifti  the  bricks. 

It  is  not  cafy  to  determine  with  accuracy  the 
quantity  of  the  minimum  viftbile*  or  the  angle  that 
is  fubtended  by  the  fniaileft  vifible  objedt.  Mr. 
Harris  has  inferred,  from  feveral  experiments,  that 
objc&s  arc  feldom  vifible  under  an  angle  lefs  than 
40  feconds,  and  at  a  medium  not  lefs  than  tv*o 
minutes, 

A  Jimple  cbjefl,  as  a  white  or  black  fquare, 
upon  the  oppofi re  colour,  is  perceivable  under  a 
lefs  angle  than  the  parts  of  a  compound  one. 
The  more  obje&s  differ  in  colour,  the  more  eaiily 
we  can  diUinguifh  their  feveral  impreftions  on 
the  retina  :  different  degree*  of  light  on  the  fame 
objed  will  render  it  vifible  at  different  diftan*. 
and  under  different  angles  :  indeed  the  moft  ge- 
neral caufe  of  the  non-vilibility  of  objects,  is 
the  want  of  fuflicicnt  light  in  the  pencils  that 
proceed  from  them;  feveral  contiguous  obj< 
are  fcarce  difcernible  one  from  the  other,  unlefs 
they  each  fubtend  angles  that  are  not  lefs  than 
four  minuu 

.7  is  vifible  under  a  fmaller 

angle  than  a  fquare  object  of  the  fame  breadth  :  a 

.Jer  object,  as  a  line,  may  be  considered  as  con- 

lifting 
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fifting  of  feveral  fquarcs  joined  together ;  and 
though  one  ot"  thefe  fquarcs  may  be  too  fmall  to 
be  teen,  yet  the  pencils  of  light  coming  from 
each  of  them  being  contiguous,  and  ftriking  at 
the  fame  time  upon  the  retina,  are  capable,  by 
their  united  ftrcngth,  to  awaken  the  vifive  fa- 
culty, and  fo  to  render  t»he  objctfls  vifible  from 
whence  they  came.  For  the  fame  reafon,  a  fmall 
object  in  motion  is  eafier  difcerned  than  if  at  reft, 
and  may  be  vifible  in  the  one  cafe,  though  not 
in  the  other,  A  fmall  ftar,  by  day  or  twilight, 
that  cannot  be  eafily  fcen  through  a  telefcope  di~ 
retted  to  it,  will  become  viiible  by  fhaking  or 
moving  the  telefcope, 

»  There  is  a  great  difference  ill  the  degree  of 
nfibility  of  different  eyes.  We  have  been  told 
of  perfons  feeing  a  fatcllire  of  Jupiter  without  the 
afliftan  re  of  glaffes :  a  circumftance  that  to  many 
appears  incredible.     But  when  we   coniider  how 

Kiuch  the  various  circumftances  of  light  affect 
ilion,  and  how  much  further  our  fight  is  ex- 
tended at  fome  favourable  opportunities  than  at 
others,  thefe  extraordinary  accounts  may  be  the 
more  readily  credited. 

The  following  calculation  of  M.  de  la  Hire 
will  give  fome  idea  of  the  extreme  fcnfibility  of 
the  optic  nerves.  The  i&\\  of  a  windmill,  fix  feer 
in  diameter,  may  be  eafily  fcen  at  the  diftance  of 
4000  toifes,  and  the  eye  being  fuppofed  to  be  an 
inch  in  diameter,  the  picfture  of  this  foil  at  the 
bottom  of  the  eye  will  be  the  eight  thoufandth 
part  of  an  inch.  This  fliews  with  what  wonder- 
ful accuracy  the  rays  of  light  are  refracted  by  the 
-_•,  fo  that  a  pencil  of  rays  coming  from  one 
point  of  the  object,  ihali  meet  in  a  point  on  the 
retina,  fo  as  not  to  deviate  the  eight  thoufandth 
part  of  an  inch. 

If 
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]     ai  obje<ft  be  held   too  clofe  to  the  eye,  if 

oines    ndiftincft,  and  the  more  fa  the  clofcr  it 

iield,  notwithftanding  it's  apparent  magnkmk 

thereby  increafed,  and  a  very  flender  objert  will 

come  totally  invifible. 

To  the  generality  of  eyes,  the  neareft  diftante 

diftindt  vifion  is  about  feven  or  eight  inches \ 

this  diftance  they  commonly  read  a  fmall  print, 

i  examine  all  minute  i  *  je&s.     It  is  true  fom 

t%  can  fee  fmall  objefts  beft  at  the  diftance  of 

,,  four,  and  even  three  inches;   and  fome  again 

at   twelve,  fifteen,  or  twenty  inches;  but  thcfeaic 

w\y  particular  cafes,  and  do  not,  therefore,  affeft 

.lie  prefent  inquiry. 

A  globular  objeift  that   is  lefs  than  -rhr  inch 
diameter,  is,   to  the  generality  of  eyes*  totally 
/ifible  :  and,   excepting  in  few  cafes,  an  object 
tnnot  be  feen  that  is  lefs  than  tttt  inch  in  diame- 
ter; an  obje£t  of  that  breadth  fubtending  an  angle 
of  i  min.  at  the  diftance  of  8  inches  from  the  eye* 
But  when  the  field,  on  which  the  objeft  is  placed, 
is  nearly  of  the  fame  colour  with  it,  we  cannot  fee 
it  under  an  angle  lefs  than  about  4  min*     In  fuch 
circumftances  the  fmalkft  vifible  object  is  not  lefs 
than  t£it  of  an  inch  in  diameter.     At  a  mediun^ 
the  fize  tto  inch  diameter  is  the  fize  of  the  leaft 
globular  objed  difcernible  by  the  naked  eye. 

Of  Distinct  and  Indistinct  Virion, 

It  will  be  proper  in  this  place  to  explain, 
with  more  accuracy,  what  is  meant  by  diftind 
vifion,  and  what  is  the  difference  between  feeing 
an  objeft  diftindtly,  and  feeing  it  clearly;  as  the 
clearnefs  or  brightnefs  with  which  ar  rtK; 
feen,  is  often  confounded  with  diftinc? 

We  fee  an  objedt  clearly ,  when 
Ruminated,  to  enable  us  to  fori 
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f  it's  figure,  and  diftinguifh  it  from  other  ob- 
efls :  we  fee  it  dijiinfily,  when  the  outlines  of 
t  are  well  defined,  when  we  can  diftinguifh  the 
»rts  of  it,  and  determine  their  colour  and  fitu- 
Xion.  Thus  we  may  be  faid  to  fee  a  diftant  objedfc 
•UarIyK  when  we  can  perceive  that  it  is  a  tower ; 
iut  to  Tee  it  diftin&ly,  we  approach  fo  near  as  to 
be  able  to  determine  not  only  it's  general  out- 
line, but  to  diftinguifh  the  parts  of  which  it  is 
compofed. 

This  may  be  made  more  evident,  by  advert- 
ing to  the  experiment  of  the  dark  chamber,  in 
tt'hich  we  lhall  find  a  confiderable  difference  be- 
tween the  diftindtnefs  and  brightnefs  of  the  pidture; 
md  learn,  that  a  confufion  of  the  parts  is  not  the 
ame  thing  with  obfeurity. 

For  the  piQurc  may.  be  diftindt  in  all  it's 
arts  ;  the  rays  which  come  from  one  and  the  fame 
)pint  in  the  objed,  may  be  exadtly  colledted  intd 
>ne  and  the  fame  point  upon  the  paper ;  and  yet, 
f  but  few  rays  pafs  through  the  lens,  and  confe- 
uently  the  fpace  where  the  pidture  is  painted 
jiould  be  'but  faintly  enlightened,  this  pidture, 
hough  it  is  diftindt,  will  dc  faint  and  obfeure. 
)n  the  other  hand,  though  the  pidture  be  con- 
jfed,  either  becaufe  the  paper  is  placed  at  an 
uproper  diftance  from  the  lens,  or  for  any  other 
aufe;  yet  if  many  rays  pafs  through  the  lens,  and 
;rongly  illuminate  the  paper,  the  picture,  not- 
rithftanding  the  want  of  diftindtneis,  will  be  a 
•right  one. 

The  brightnefs  or  clearne/s  with  which  an  ohjett 
$  Jeen%  depends  principally  on  the  following  cir- 
umftances. 

I.  On  the  quantity  of  light  proceeding  front 

in  a  great  mea- 

e  mtenfity  of 

light 
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light  diminifhcs  in  an  invcrfe  ratio  to  the  fqi 
of  the  diftances. 

2.  It  depends  on  the  colour  of  $e 
itfclf,  and  of  thofe  objects  whi^h  furround  i 

3*  On  the  manner  in  which  the.  light 
upon  the  object,  and  is  reflected  from  it.  •  . ' 

4.  On  the  aperture  of  the  pupil,  for  the 
this  is,  the  greater  will  be  the  number  of  rjjj 
are  tranfmitted  to  the  retina. 

5.  On  the  tranfparency  and  purity  of 
humours  of  the  eye, ;  and  the  foundncfi  of  tk 
of  the  vifive  parts. 

6.  On  the  tranfparency  of  the  atmoff 
When  all  thefe  circumftances  concur,  u 

jed  will  appear  bright  and  clear;  but  left 
proportion  as  any  of  them  are  wanting.    In 
however,  to  obtain  diftind  vifion,  it  is 
not  only  that  the  objed  be  fufficiently  ill 
but  alfo  that  the  feveral  pencils,  on  their 
at  the  retina,  fliould  be  feparate,   and  not 
together;  and  when  this  is  not  the  cafe, the 
lines  of  the  objed  and  it's  parts  will  appear 
hazy,  and  ill-defined.     We  may,  therefore, 
fider  the  following  conditions   as  neccjfary  tow&n 
obt awing  dijlinft  vijion. 

1.  The  objects  fhould  be  fufficiently  ittui 
nated:  now  all  other  circumflances  beingthefa 
the   nearer  an   objed   is,  and    the   brighter 
colour,  the  more  light  the  eye  receives  from  it 
this  is  one  reafon  why  near  objects  arc  morediH 
tindly  feen  than  thofe  that  are  more  remote. 

2.  The  geometrical  image  of  objedts  Ihoul 
fall  either  upon  the  retina,  or  very  near  it,  11 
thefe  images  fhould  be  fufficiently  large,  othcrwi 
the  parts  of  the  objed  cannot  be  diilindly 
ceived:  the  want  of  fize  in  this  image  \%i 
caufc  of  the  indiftindnefs  of  remote  objed* 
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alfo  rcquifite  that  the  eye  be  in  perfedt 
:'s  humours  tranfparent,  in  order  that 
ns  of  light  may  be  lively  and  diftind. 
en  eye,  and  a  given  difpofition  of  that 
*  upon  the  retina  will  be  mod  perfedt 
jedt  is  at  fomc  determinate  diftance 
;  and  it  is  near  this  point  or  place,  that 
\y  are  not  too  fmall,  will  be  diftinftly 
)jedl  at  a  greater  or  lefs  diftance,  will 
ge  cither  before  or  behind  the  retina ; 
cafe,  if  the  diftance  of  the  image  from 
confidcrable,  the  vifion  will  be  in- 

n  has,  however,  (hewn  that  it  is  not 
liftinct  viiion,  that  the  images  of  ob- 
oints  of  union  of  the  rays,  be  precifely 
na,  there  being  fome  latitude  both  be- 
ind  the  retina,  within  which,  what- 
be  formed,  the  viiion  will  be  equally 

this  latitude  will  be  greater  or  lefs, 
the  vifual  angles  fubtended  by  the  re- 
fls,  are  greater  or  lefs. 
intcd  page,  in  which  there  are  letters 
our  different  iizes,  be  placed  at  fuch 
iat  every  fort  of  print  may,  without 
or  effort  of  the  eye,  be  perfedtly  dif- 

cfafe  it  may  be  reafonably  prefumed, 
;es  of  the  feveral  letters  fall  upon  the. 
le  printed  leaf  be  brought  gradually 
arer,  the  fmalleft  print  will  firft  begin 
d,  whilft  the  larger  remains  as  diftindt 

advancing  it  ftill  nearer,  the  fmaller 
come  more  confufed,  the  next  iize 
:1c  confufed,  whilft  the  large  print  is 

as  before ;  and  fo  through  feveral  (k- 

whole  is  in  confulion. 
e  experiment  may  be  made  tl 
"rof  fpedacles,  of  a 
COI 
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convexity.  From  hence  it  is  evident,  that  we  may 
have  diftintt  vifion,  when  the  focufes  of  the  pencils 
are  at  fome  dillance,  either  before  or  behind  the 
retina,  and  that  the  larger  the  objed:,  the  greater 
is  this  latitude. 

But  as  in  this  cafe  the  pencils  from  every  point 
either  meet  before  they  reach  the  retina,,  or  tend 
to  meet  beyond  it,  the  light  that  comes  from  that- 
muft  cover  a  circular  fpot  upon  it,  and  will,  then* 
fore,  paint  the  image  larger  than  perfed  vifitt 
would  reprcfent  it :  and  confequcntly,  every  objcA, 
placed  either  too  near  or  too  remote  for  perfed 
vifion,  will  appear  larger  than  it  is,  by  a  penumbn 
of  light,  caufed  by  the  circular  fpaces,  which  are 
illuminated  by  pencils  of  rays  proceeding  from  die 
extremities  of  the  objetts.  Thefe  circular  fpaces 
arc  called  circles  of  diffipation.  This  accounts  for 
fhort-fightcd  perfons  finding  near  obje&s  appear 
rather  magnified,  when  they  ufe  a  concave  that  is 
not  fo  deep  as  that  to  which  they  are  accuftomed. 

On  account  of  thefe  penumbrse,  it  is  clear  that 
two  liars  will  appear  to  be  nearer  than  they  really 
are ;  and  it  they  be  really  very  near,  will  appear  to 
be  but  one,  but  brighter  than  either  of  them  taken 
alone:  fo  that  the  two  liars  will  have  the  fame  ap- 
pearance as  if  one  brighter  liar  appeared  in  the 
middle  of  the  ijxuc  occupied  by  two  liars. 

When  objects  are  large,  they  will  appear  to- 
lerably dillinct  at  a  much  lefs  dillance  than  fmall 
objects,  becaufc  the  penumbras  will  not  interfere  fo 
much.  For  this  reafon,  a  large  print  may  be  read 
much  nearer  the  eye  than  a  fmall  one;  the  former 
will  appear  only  ill-defined,  but  fufficientlydiflind; 
when  the  latter  is  quite  indiihnct,  the  penumbfr I 
of  one  letter  interfering  w  ith  that  of  another.        j 

It  is  very  diiticuit  To  afcertain  precifely  ttal 
natural  dillance  of  diltind  vilion,.  or  that  diftandl 
4 
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it  which  the  eye,  without  any  ftrain  or  effort,  is 
foited  to  fee  objefts  diftindtly.  If  we  fuppofe  this 
diftaitce  to  be  that  at  which  we  ufually  read  a  large 
Air  print,  this  will  be  about  fifteen  or  fixteen 
inches,  and  lefs  it  cannot  be,  as  we  are  rather 
more  concerned  with  large  objects  than  the  letters 
4>f  a  book ;  and  when  we  view  objedts  nearer,  it  is 
on  account  of  their  minutencfs :  nor  is  it  probable 
that  the  diftance  can  be  many  feet,  as,  in  order  to 
examine  objefts,  we  are  always  deftrous  to  have 
them  near  the  eye,  except  they  are  very  large.  The 
neareft  diflance  of  diftincjj  vifion  is  in  general  com- 
puted to  be  about  feven  or  eight  inches  from  the 
eye.  That  point  in  any  objeit,  to  which  the  optic  axis 
is  directed,  is/ecn  more  diftinflly  than  the  reft.  The 
truth  of  this  pofition  is  confirmed  by  every  one's 
experience :  if  we  turn  our  eyes  dircdlly  toward  one 
particular  part  of  an  objeft  fo  as  to  look  ftcadily  at 
it,  we  may  indeed,  if  the  object  be  not  very  large, 
fee  all  the  reft  of  it  at  the  fame  time ;  but  this  part 
will  appear  more  diftindt  than  the  reft :  but  look- 
ing fteadily  at  an  object  is  turning  our  optic  axis 
towards  it. 

Of  the  Change  in  the  Conformation  of  the 
Eye  for  distinct  Vision,  at  different  Dis- 
tances. 

As  a  (hip  requires  a  different  trim  for  every 
variation  of  the  ^diredion  and  the  ftrength  of  the 
wind,  fo,  if  we  may  be  allowed  to  borrow  that 
word,  the  eyes  require  a  different  trim  for  every 
degree  of  light,  and  for  every  variation  in  the  dif- 
lance of  the  obje&,  while  it  is  within  certain  limits. 
The  eyes  are  trimmed  for  a  particular  object,  by 
jCimtrafting  certain  mufcles,  and  relaxing  others ; 
as  the  fnip  u  trimmed  for  a  particular  wind,  by 
drawing  Tonic  ropes,  and  Darkening  others.     The 
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failor  learns  this  trim  of  his  (hip,  as  we  learn  the 
trim  of  our  eyes,  by  experience.* 

A  (hip,  although  it  be  the  nobleft  machine 
that  human  art  canboaft,  is  far  inferior  to  the  eye; 
for  it  requires  art  and  ingenuity  to  navigate  her, 
and  the  failor  mult  know  what  ropes  to  pull,  and 
which  to  (lacken,  to  accommodate  her  to  a  parti- 
cular wind.  But  the  eye  is  fabricated  with  fuck 
fuperior  wifdom,  and  the  principles  of  it's  motion 
fo  contrived,  that  it  requires  no  art  nor  ingenuity 
to  fee  by  it :  we  have  not  to  learn  what  mufcles  wt 
are  to  contrail,  nor  which  we  are  to  relax,  in  order 
.  to  fit  the  eye  to  a  particular  diftance  of  the  objed. 

But  although  we  are  not  confeious  of  the  mo. 
tions  we  perform,  in  order  to  fit  the  eyes  to  the 
diftance  of  the  objeft,  we  are  confeious  of  the  effort 
employed  in  producing  thefe  motions,  and  pro- 
bably have  fome  fenfation  which  accompanies 
them,  and  to  which  we  give  as  little  attention  as 
to  many  other  fenfations;  and  thus  a  fenfation, 
either  previous  or  confequent  upon  that  effort, 
comes  to  be  conjoined  with  the  diftance  of  the  ob- 
ject which  gave  occaiion  to  it,  and  by  this  conjunc- 
tion becomes  one  of  the  figns  of  that  diftance. 

That  we  arc  capable  of  viewing  obje&s  with 
nearly  equal  diftinctnefs,  though  they  be  placed  at 
conliderable  diftances  from  each  other,  is  evident; 
but  the  alteration  which  takes  place  in  the  eye  for 
this  purpofe,  or  the  mcchanifm  by  which  this  effect 
is  produced,  is  not  eaiily  afecrtained. 

It  feems  clear  from  the  firft  view  of  the  fub- 
ject,  that  when  feveral  objeds  are  at  different  dif- 
tances before  us,  they  will  not  appear  equally  dif- 
tind  atnhc  fame  time.  Left  it  ihould  be  fufpetted 
that  the  indiftinctnefs  in  this  cafe  may  be  owing  to 
the  imprcfiions  not  being  made  upon  the  corref- 

ponding 

*  Reid's  Inquiry  ir.to  the  Human  Mind. 
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5  fibrils  of  the  two  retinas,  let  us  make  a 
th  one  eye  alone,  while  the  other  is  (hut : 
ice  two  fmall  objedls,  as  two  pins,  one  be- 
e  other,  and  let  the  one  be  at  a  foot,  and 
*r  at  about  fix  inches  diftance  from  the  eye. 
sf  thefe  objedts,  when  looked  at  attentively, 
>ear  diftindt;  but  the  other,  at  the  fame  time, 
h  it  be  in  the  axis  of  the  eye,  will  be  con- 
And  from  hence  it  is  very  clear,  that  the 
mformation  of  the  eye  is  not  adapted  for 
vifion  at  all  diftances,  and  that  the  eye  by 
eans  changes  it's  conformation,  fo  as  it  may 
:r  fuited  for  vifion  at  different  diftances. 
a  fimilar  manner  to  the  foregoing  experi- 
f  the  eye  looks  actentiveiy  upon  the  little 
rs  or  particles  of  duft  upon  a  window-gjafs, 
:dts  without  doors  will  be  indiftindt;  and 
e  look  at  the  external  objedis,  the  opake 
s  upon  the  glafs,  which  before  were  diftinct, 
v  be  confufed.  It  alfo  frequently  happens, 
en  we  firft  look  at  an  object,  it  will  appear 
ifufed,  which  confufion  will  vanifh  by  de- 
id  in  a  little  time  the  objedl  will  become 
ftindh 

like  manner,  if  after  poring  fome  time  on  a 
e  fuddenly  look  at  objects  farther  off,  they 
iirft  appear  confufed,  and  become  diftindcr 
?cs.  A  fimilar  indiftinctnefs  takes  place, 
om  looking  at  remote  objedts,  we  fuddenly 
one  that  is  near.  To  what  can  we  attri- 
:fe  phenomena,  but  to  a  change  in  the  con- 
in  of  the  eye  for  vifion  at  thefe  different 
s?  a  change  which  requires  fome  fmall 
r  it's  performance.  It  cannot  be  owing  to 
impreilion  on  the  eye.  not  being  obliterated; 
lat  cafe,  the  fame  coifufion  would  be  ob- 
'  !,r  '      eye  from  one  page  of 

Ikfc 
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Thcfc  phenomena  are  ftronger  when  thqr  lisp- 
pen  without  our  thinking  upon  them  $  far    * 
we  make  the  experiment  on  purpofe,  and  die 
is  already  prepared  for  what  is  .to  happen*  fc  te 
time  in  part  to  fruftrate  our  defjfgn;  the-  more  % 
as  thefe  changes  are  fomewhat  painful. 

Authors  are  much  divided  in  their  opiaitm 
concerning  the  change  that  is  made  in  the  c 
mation  of  the  eye,  to  procure  diftinft  vifioo 
ferent  diftances ;  feme  thinking  it  to  be  a 
in  the  length  of  the  eye,  others  that  it  is  a  c! 
in  the  figure  or  pofition  of  the  cryftalline  hm 
others  that  it  is  a  change  in  the  cornea.  The  W- 
thors  of  each  opinion  have  their  objections  to  iB 
the  reft,  and  perhaps  the  truth  may  lie  among  them 
all.  As  the  rays  of  light  fuffcr  a  greater  refrac- 
tion at  the  cornea  than  they  do  .afterwards*  it  is 
plain  that  a  lefs  change,  as  to  quantity,  in  the  ft* 
dius  of  the  cornea,  will  effect  the  bufinefs,  than 
would  be  fufficient  in  any  other  part  of  the  eye: 
but  at  the  fame  time  it  muft  alfo  be  confefled,  that 
moft  perfons  who  have  been  couched  for  catarads, 
are  obliged  to  have  glafles  of  different  convexities, 
in  order  to  have  diftindt  vifion  at  different  dif- 
tances ;  from  whence  it  feems  neceffarily  to  follofr, 
that  the  cryftalline  humour  is  concerned  in  chang- 
ing the  conformation  of  the  eye.  Perhaps  tnc 
cornea,  and  the  cryftalline,  if  not  fome  other  parts 
of  the  eye  belides,  may  contribute  to  produce  this 
effect :  and  in  order  to  obtain  diftindl  vifion  at  a 
nearer  diftance,  at  the  fame  time  the  cornea  is  ren- 
dered more  convex,  the  axis  of  the  eye  may  be  a 
little  lengthened,  the  cryftalline  made  more  con- 
vex and  brought  forwarder,  all  which  changes  con-* 
fpirc  to  the  fame  end  ;  and  the  contrary  for  obtain- 
ing vifion  at  a  greater  diftance. 

It  has  been  fhewn  by  writers  on  optics, 
an  object  be  viewed  diftin&ly  at  th- 
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diftances  from  the  eye,  the  firft  of  which  may  be 
the  leaft  diftance  at  which  it  can  be  viewed  dif- 
tindly, the  fecond  double  the  firft,  and  the  third 
infinite,  the  alterations  in  the  conformation  of  the 
eye,  neceflary  for  viewing  an  objed  diftindly  at  the 
firft  and  fecond  diftances,  whofe  difference  is  but 
fmall,  are  as  great  as  thofe  that  are  neceflary  for 
the  fecond  and  third,  whofe  difference  is  infinite. 

Hence,  if  a  (hoit-fighted  pcrfon  can  read  a 
fmall  print  diftindly,  at  two  different  diftances, 
whereof  the  larger  is  but  double  the  Ieffer,  as  great 
alterations  are  made  in  his  eyes,  as  in  one  whofe  eyes 
arc  perfect,  and  that  can  fee  diftindly  at  all  inter- 
mediate diftances,  between  infinity  and  the  largeft 
of  the  two  former  diftances.  For  the  fame  reafon, 
a  (hort-fighted  perfon  can  fee  diftindly  at  all  dif- 
tances, with  a  fingle  concave  of  a  proper  figure ; 
for  the  caufe  of  fhort-fightednefs  is  not  a  want  of 
power  to  vary  the  conformation  of  the  eye,  but  that 
the  whole  quantity  of  rcfradions  is  always  too 
great  for  the  diftance  of  the  retina  from  the 
cornea. 

We  may  hence  alfo  clearly  perceive  why  our 
eyes  are  fo  often  fatigued  in  looking  at  near  ob- 
jects ;  for  in  this  cafe,  the  mufclcs  of  the  eyes,  and 
the  ligamentum  ciliare,  are  obliged  to  make  a  con- 
siderable effort,  to  give  the  eyes  the  neceflary  con- 
formation; which  cftbrt  being  greater  in  propor- 
tion as  the  objed  is  nearer,  muft  be  painful  and 
laborious  when  the  object  is  very  nigh. 

•  When  the  eye  has  been  attentively  fixed  on 
an  objed  at  fome  determined  diftance,  it  cannot 
immediately  fee  another  objed  diftindly ;  whether 
it  be  at  a  greater  or  lefler  diftance,  it  appears  con- 
fufed  and  imperfed,  till  the  eye  has  adapted  itfelf 
to  the  diftance  at  which  the  objed  is  placed. 

Of 
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Of  the  Pupil  of  the  Eye,  and  of  it's  Motions. 

In  fpcaking  of  the  ftru&ure  of  the  eye,  we 
have  fhewn  that  the  uvea  has  a  fmall  round  hole 
nearly  in  the  middle,  called  the  pupil,  through 
which  the  rays  rnuft  all  pafs  before  they  can  get  to 
the  bottom  of  the  eye,  and  paint  the  images  of  ob- 
jects on  the  retina.  The  confideration  of  the  va- 
rious affedtions  of  this  part  of  the  eye,  will  be 
found  of  great  importance,  both  to  the  vender 
and  purchafer  of  fpe&acles ;  for  upon  the  (late 
and  aperture  of  the  pupil,  the  requifite  degree  of 
magnifying  power  very  much  defends. 

The  author  of  nature  has  proportioned  the 
magnitude  of  the  pupil,  fo  that  it  may  beft  anfwer 
the  purpofes  of  vifion,  and  the  fcnfibility  of  the  re- 
tina :  if  it  were  too  large,  the  retina  would  be  fa- 
tigued, and  hurt  by  the  great  quantity  of  light. 
Hence  it  is  that  thofe  creatures  cannot  bear  the 
Jight  of  day,  which,  in  order  to  fcarch  for  and  pro- 
cure their  food  at  night,  have  the  pupil  of  their 
eyes  very  large.  Further,  if  this  aperture  had  been 
much  larger  than  it  really  is,  the  eye  would  not 
have  been  a  dark  cell,  and  fo  much  adventitious 
light  would  have  entered,  as  to  render  the  pidturc 
upon  the  retina  obfeure  and  indiftmdt :  for  as  in 
the  camera  obfeura,  the  pictures  are  moft  lively  and 
perfedt  when  all  the  light  is  excluded,  but  what 
comes  from  the  objedt,  and  ferves  to  form  the  pic- 
ture ;  fo  it  is  with  our  eyes ;  the  picture  on  the  re- 
tina is  moft  perfedl  when  all  the  extraneous  light 
is  excluded,  and  none  mixes  with  the  picture,  but 
what  tends  to  it's  formation. 

On  the  other  hand,  if  the  pupil  had  been  very 
fmall,  it  would  not  have  admitted  a  fufficient  quan- 
tity of  light ;  the  impreflion  on  the  retina  would 
have  been  weak,  and  the  picture  faint  and  obfeure; 

when 
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when  the  pupil  is  very  fmall,  convex  glafles  are 
neceflary,  in  order  to  increafe  the  quantity  of  light. 

All  animals  have  a  power  of  contracting  and 
dilating  the  pupil  of  their  eyes.  The  natural  ftate 
appears  to  be  that  of  dilatation,  and  the  contrac- 
tion a  ftate  of  violence,  produced  by  an  effort  ori- 
ginating in  the  mind.  When  the  light  is  too 
ftrong,  or  the  object  too  bright,  wc  contract  the 
pupil,  to  intercept  that  part  of  the  light  which 
would  injure  the  eye;  but  when  the  light  is  weak, 
ivc  dilate  the  pupil,  that  more  light  may  enter  the 
eye.  If  a  perfon  look  towards  the  fun,  you  will 
obferve  the  pupil  become  exceeding  fmall;  but  if 
he  turns  his  eyes  from  the  light,  and  be  gradually 
brought  into  a  dark  place,  you  will  obferve  the 
pupil  to  dilate,  in  proportion  as  the  light  becomes 
more  faint  and  obfeure. 

There  are  alfo  other  circumftances  which  will 
caufe  the  pupil  to  contraft,  as  when  the  object  is 
nearer  the  eye  than  the  limits  of  diftindt  vifion : 
for  in  this  cafe,  the  pencils  of  rays  proceeding  from 
th-  objedt  are  too  diverging  to  be  united  in  corre- 
sponding points  on  the  retina ;  but  by  contracting 
the  pupil,  many  of  the  rays  are  excluded,  and  the 
pidture  is  rendered  more  diftinct.  It  is  for  this 
purpofe,  that  many  fliort-fighted  pcrfbns  contrad 
a  habit  of  corrugating  their  eyebrows  in  reading,  a 
habit  which  would  be  prevented  by  the  ufe  of  con- 
cave fpeftacles. 

Dr.  Jurin  has  (hewn,  that  the  contraction  of 
the  pupil  doqs,  in  general,  depend  more  upon  the 
ftrcngth  of  the  light,  than  on  the  fenfation  of  con^ 
fufion  in  the  objedh  Let  any'  perfon  take  a  book 
by  day-light,  and  ftand  near  the  middle  of  a  room, 
with  his  back  to  the  Ii^ht,  ami  then  hokLp.K  hour, 
fo  near  that  the  leaei 
not  fo  much  fo*  but 
with  difficulrv;  on  tj 
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will  be  read  with  more  cafe.  Again,  holding  the 
book  at  the  fame  diftance,  go  into  the  darkeft  part 
of  the  room*  and  (landing  with  your  back  to  the 
light,  you  will  find  the  book  not  at  all  legible;  but 
on  coming  to  the  window,  with  your  face  to  the 
light,  you  will  be  able  to  read  with  eaffc  and  dif- 
tinftnefs.  A  perfon  who  has  ufed  fpe&acles  for 
fome  years,  will  in  the  fun-fhine  be  able  to  read 
without  them. 

When  we  have  been  for  fome  time  in  a  place 
much  illuminated,  or  if  the  eye  has  been  too  long 
expofed  to  a  refplendent  objeft,  and  then  views 
obje&s  that  arc  lefs  fo,  or  goes  into  a  darker  place, 
the  fight  will  for  a  little  time  be  impaired,  and  the 
eye  unable  to  perform  it's  proper  fundHons.  The 
fame  will  alfo  happen  from  the  contrary  circum- 
ftances,  if  we  go  from  a  faint  light  into  one  that  is 
much  brighter ;  in  either  cafe  the  pupil  has  not 
time  to  conform  itfelf  to  the  fudden,*  but  neceflary 
change,  for  feeing  diftindly  under  the  new  cir- 
cumfiances.  From  hence  we  may  infer,  that  very 
opakc  (hades  round  a  candle,  inftead  of  preferving 
and  protc&ing  the  eye,  mull  be  neceflarily  preju- 
dicial to  it.  A  moderate  degree  of  opacity  in  the 
Iliade,  as  that  of  thick  paper,  may,  by  leflening  the 
degree  of  light,  be  ufeful  to  eyes 'which  are  inflam- 
ed, or  have  a  tendency  to  inflammation. 

There  is  a  kind  of  fympathy,  or  concord,  in 
the  motion  of  the  pupils  of  both  eyes,  fo  that  when 
one  is  contracted,  the  other  contracts  alfo ;  when 
one  is  dilated,  the  other  alfo  dilates,  though  neither 
the   dilatation   nor  contraction  are  equal.     Many 

grots 

*  This  h  what  Porterfield  and  fome  others  fay  ;  but  from 
other  experiments,  the  pupil  is  never  fo  con r rafted  as  in  the 
cale  of  going  luddenly  from  a  faint  to  a  bright  light:  the  con* 
tratt.on  is  mllaniancous.  The  efFcfts,  therefore,  fpoken  of  above 
mult  be  icicrrcd  to  the  different  dates  of  the  fcniibilitv    * 
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grofs  overfights  have  arifen,  and  fome  dangerous 
miftakes  have  been  made*  by  oculifts,  according  to 
Portepfield,  from  their  not  attending  to  this  funda- 
mental law  concerning  the  pupil. 

From  this  expanding  and  contracting  power 
of  the  eye,  we  may  learn,  why  the  eye  fees  beft 
when  furrounded  with  darkncfs ;  for  the  pupil,  by 
dilating,  accommodates  itfelf  as  much  as  poffible  to 
the  quantity  of  light,  dilating  confidcrably  when 
the  eye  is  in  darknefs,  and,  ceteris  paribus,  objefts 
are  fcen  moft  clearly  when  the  pupil  is  mod  dU " 
latcd.  Befidcs,  when  the  eye  is  in  the  dark,  the 
pi&ure  on  the  retina  is  neither  confufed  nor  dif- 
turbed  by  adventitious  rays :  hence,  thofe  who  are 
in  a  very  bright  light,  when  they  want  to  diftin- 
guifh  accurately  a  diitant  object,  either  deprefs  the 
eyebrows,  or  apply  the  hand  to  the  forehead :  hence 
alfo,  a  perfon,  by  placing  himfelf  in  the  dark,  and 
employing  a  long  tube,  will  form  a  fpecies  of  tele- 
fcope,  producing  a  greater  effect  than  might  at 
firft  be  conceived  :  it  was  on  this  principle  that  the 
ancients  ufed  a  deep  pit,  in  order  to  fee  the  ftars 
in  the  day-time.  From  hence  we  alfo  learn,  why 
a  perfon  from  within  a  chamber  can  perceive  the 
obje&s  that  are  without,  while  thofe  that  are  out 
of  doors  cannot  fee  the  objeits  that  arc  within :  for 
when  we  are  out  of  doors,  the  pupil  is  contra&ed, 
and  only  a  fmall  portion  of  the  light  that  is  re- 
flected from  the  objeds  within  the  chamber,  can 
pafs  to  the  retina ;  while  on  the  contrary,  thofe 
within  have  the  pupil  more  dilated,  and  the  objects 
that  are  without  arc  alfo  more  ftrongly  illuminated; 
befides  which,  their  view  of  objects  is  not  fo  much 
obftruded  by  the  refledion  of  the  window-glafs. 

It  is  furprizing  how  far  the  eye  can  accom- 
modate itfelf  co  darknefs,  and  make  the  beft  of  a 
-'aomy  fituation.   When  f1-1*  **ken  from  the  light, 
t>into  a  dark  J  things  difappear ; 
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or  if  any  thing  is  feen,  it  is  only  the 
diations  that  ftiii  continue  in  the  eye; 
very  little  time,  the  eye  takes  ad1 
fmalleft  ray,  which  is  confirmed  by  the 
curious  account,  related  by  Mr,  Boyle. 

time  of  Charles*  the  firft,  there  was  a  «     w 

who,  fharing  in  his  wortjry  matter's  mrtfbrtnnev 
was  forced  abroad ;  at  Madrid,  in  attempting  t» 
do  his  king  a  fignal  fcrvice,  he  failed  j  in  confix 

Suence  of  this,  he  was  confined  in  a  dark  and 
ifmal  dungeon,  into  which  the  light  never  entered, 
and  into  which  there  was  no  opening  but  by  a  talc 
at  the  top,  down  which  the  keeper  put  his  pnm- 
lions,  prefently  clofing  it  again.  The  unfortunate 
loyalift  continued  for  fome  weeks  in  this  dark  dun- 
geon, quite  difconfolate ;  but,  at  Jaft,  began  to 
think  he  faw  fome  glimmering  of  light :  this  dawn 
of  light  increafed  from  time  to  time,  (b  that  he 
coula  not  only  difcover  the  parts  of  his  bed/ and 
fuch  other  large  objefts,  but,  at  length,  he  could 
perceive  the  mice  that  frequented  his  dungeon,  to 
cat  the  crumbs  that  fell  upon  the  ground.  When  fct 
at  liberty,  he  could  not,  for  fome  days,  venture  to 
leave  his  cell,  left  the  brightnefs  of  the  light  fhould 
blind  him ;  but  was  obliged  to  accuftom  his  eyes, 
by  flow  and  gradual  degrees,  to  the  light  of  the 
day. 

Of  Imperf£ct  Sight. 

There  is  no  branch  of  fcience,  of  which  it  is 
more  important  that  a  general  knowledge  fhould 
be  diffufed,  than  that  part  which  treats  of  the  va- 
rious imperfeftions  of  fight,  and  the  remedies  for 
them.  To  relieve  an  organ  which  is  the  fource  of 
the  moft  refined  pleafure,  is  certainly  a  defirable 
objeft :  to  enable  thofc  who  are  in  want  of  affif- 
♦ance,  to  determine  whether  fpeftacles  will  be  ad- 
vantageous 
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vantagcous  or  detrimental,  and  what  kind  will 
beft  uiit  their  fight  ;  and  fo  inftrudt  thofe  who 
already  ufe  glaffes,  that  they  may  difcover  whether 
thofe  they  have  chofen  are  adapted  to  the  imper- 
fection of  their  fight,  or  arc  fuch  as  will  increafe 
their  complaint,  and  weaken  their  eyes;  are  fubje&s 
worthy  the  confidcration  of  every  individual,  and 
conftitutc  the  principal  bufincfs  of  the  remainder 
of  this  Le&ure:  to  this  end  I  fhall,  in  the  firft 
place,  explain  what  I  mean  by  an  imperfection 
of  fight. 

The  fight  is  relatively  impcrfeft,  when  we 
cannot  fee  an  object  diftinCtly  in  a  common  light, 
and  at  all  the  ufual  diftanccs  at  which  it  is  ob- 
ferved  by  an  eye  in  a  perfect  flatc. 

In  this  fenfe,  both  the  long  and  fhort-fighted 
are  faid  to  have  an  imperfect  light.  The  ihort-' 
lighted  fee  diftant  objects  confufedly,  thofe  that 
arc  nfar  at  hand  diftinctly ;  their  light  is  therefore 
defective  with  refpedt  to  diftant  objects :  on  the 
other  hand,  the  long-fighted  fee  diftant  objects 
diftinctly,  near  obje&s  confufedly. 

An  imperfect  fight  is  occaiioncd  by  a  confufion 
in  the  image  formed  upon  the  retina ;  this  happens 
whenever  all  the  rays  that  proceed  from  any  one 
point  of  an  Qbjecr,  are  not  united  again  in  one, 
but  fall  on  different  points  of  the  retina:  or 
whenever  feveral  pencils  of  light,  from  different 
points  of  an  object,  terminate  upon  one  point  of 
the  image.  This  fpecies  of  confulion  takes  place 
both  in  long  and  Ihort-fighted  eyes. 

Of  Old  or  Long-Sighted  Eyes. 

To  detail  thofe  circumftances  which  are, 
general,  marks  of  advancing  age,  and  always 
partial  infirmity,  muft   be   ever   unpleafant,   an 
would  be  equally  unncccfiary,  if  it  were  not  the 

meats 
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mean  of  leffening  the  inconveniences  attendant  oil 
thofc  ftages  of  lite. 

By  the  long-fightcd,  remote  objedts  are  feen 
diftinctly,  near  ones  confufedly ;  and  in  propor- 
tion as  this  defect  increafes,  the  nearer  objects 
become  more  indiftinct,  till  at  length  it  is  found 
almoft  impoffiblc  to  read  a  common-fized  print 
without  alTiftance.  An  imperfedl  and  confufed 
image  is  formed  upon  the  retina,  becaufe  the  rays 
of  light  that  come  from  the  feveral  points  of  an 
object,  at  an  ordinary  diftance,  are  not  fuffici-< 
ently  refra&ed,  and  therefore  do  not  meet  upon 
the  retina,  but  beyond  it. 

Various  arc  the  caufes  which  may  occafiod 
this  defed ;  if  the  convexity  of  the  cornea  bt 
leffened,  or  if  either  fide  of  the  cryftalline  become* 
flatter,  this  efFc&  will  be  produced  ;  if  the  retina 
be  not  fufficicntly  removed  from  the  cornea  of 
cryftalline,  or  if  the  retina  be  too  near  the  cornea 
or  cryftalline,  it  will  give  rife  to  the  fame  defe#, 
as  will  alfo  a  lefs  refractive  power  in  the  pellucid 
parts  of  the  eye;  in  like  manner,  too  great  a 
proximity  of  the  objects,  will  prevent  the  rays 
from  uniting  till  they  are  beyond  the  retina; 
but  if  all  thefe  caufes  concur  together,  the  effcit 
is  greater.  This  defeci.  is,  however,  in  genera!, 
attributed  to  a  lhrinking  of  the  humours  of  the 
•ye,  which  caufes  the  cornea  and  cryftalline  to 
lofe  their  original  convexity,  and  to  become  flat- 
ter ;  the  fame  caufe  will  bring  the  retina  too  near 
the  cornea. 

By  one  or  other  of  thefe  caufes,  thofe  who 
were  accuftomed  in  their  youth  to  read  a  common 
fize  print,  at  about  twelve  or  fourteen  inches  dis- 
tance from  their  eyes,  are  obliged  to  remove  the 
book  to  two  or  three  feet  before  they  can  fee  the 
letters  diftin&ly,  and  read  with  comfort.  But  in 
proportion  as  the  objeft  is  removed  from  the  eye 
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image  thereof  on  the  retina  becomes  fmaller* 
I  confequently  fmall  objeds  will  not  always  be 
ceivable  at  that  diftance,  to  which  thofe  in 
5  ftate  find  it  neceflary  to  remove  them,  in 
ler  to  attain  any  degree  of  diftintt  vifion :  the 
ther  alfo  the  objecft  is  removed,  the  lefs  light 
1  enter  the  eye,  and  the  image  will,  of  courfe, 
fainter. 

Hence,  '  thofe  who  are  long-fighted  require 
re  light  to  enable  them  to  read,  than  they  did 
ile  their  eyes  were  in  their  perfedt  ftate ;  and 
s  not  only  becaufe  they  arc  obliged  to  remove 
:  book  to  a  greater  diftance,  but  becaufe  the 
pil  of  their  eye  is  fmaller,  and  therefore  a 
rater  intenfity  of  light  is  neceflary  to  produce  a 
Bcient  impreflion  on  the  retina,  and  compenfate 

the  defect  by  a  greater  fplendor  and  illumina- 
a  of  the  objed. 

Increafing  years  have  a  natural  tendency  to 
ng  on  this  defedt,  and  earlier  among  thofe  who 
/e  made  the  leaft  ufe  of  their  eyes  in  their 
ith ;  but  whatever  care  be  taken  of  the  fight, 
j  decays  of  nature  cannot  be  prevented :  the 
mours  of  the  eye  will  gradually  wafte  and  decay, 
:  refra<5tive  coats  will  become  flatter,  and  the 
ler  parts  of  the  eye  more  rigid  and  lefs  pliable ; 
is  the  latitude  of  diftindt  vifion  will  become 
itra#ed :  it  is  alfo  highly  probable,  that  the 
ina  and  optic  nerve  lofe  a  portion  of  their  fen- 
ility. 

Though  It  is  in  the  general  courfe  of  nature, 
,t  this  defeat  fhould  augment  with  age,  yet 
:rc  are  not  wanting  inftances  of  thofe  who  have 
overed  their  fight  at  an  advanced  period,  and 
ire  been  able  to  lay  afide  their  glafles,  artd  read 
3  write  with  pleafure,  without  any  artificial 
W**w  many  caufes  which  may  pro- 

1  Drob  that  it  ge- 

nerally 
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nerally  arifes  from  a  decay  of  the  fat  in  the  boc* 
torn  of  the  orbit ;  the  preflure  in  this  part  ceafin£ 
the  eye  expands  into  .fomewhat  of  an  oval  form, 
and  the  retina  is  removed  to  a  due  "focal  difbnce 
from  the  cryftalline. 

It  is  a  certain  and  very  important  fad;  that 
long-fightcdnefs  may  be  acquired ;  for.  country-* 
men,  failors,  and  thofe  that  are  habituated  to 
look  at  remote  objeds,  are  generally ,  long-fighte^ 
want  fpc&acles  fooneft,  and  ufe  the  derpeft * 


ftifiers :  on  the  other  hand,  the  far  greater  pit 
of  the  fhort-fighted  aye  to  be  fopnd  among  fa- 
dents,  and  thole  artifts  who  are  daily  converiaoB 
with  fmall  and  near  objelts;  .every  man  becom- 
ing expert  in  that  kind  of  vifion,  which  is  md£ 
ufettil  to  him  in  his  particular  profcfflon  and  ma  ' 
ner  of  lift :  thus  the  miniature  painter,  and  c 

f  raver,  fee  very  near  objedts  better  than  a  fiukfQi 
ut  the  failor  perceives  diftant  objedts  better  tfa 
they  do ;  the  eye  in  both  cafes  endeavouring  n 
preferve  that  configuration  to  which  it  is  moft  ac- 
cuftomed.  In  the  eyes,  as  well  as  other  parts  of 
the  body,  the  mufclcs,  by  conftant  exercife,  arc 
enabled  to  ad:  with  more  eafe  and  power,  but  are 
enfeebled  by  difufe  ;  the  elaftic  parts  alfo,  if  thqF 
are  kept  too  long  ftretched,  lofe  part  of  their  elas- 
ticity ;  whik  on  the  other  hand,  if  they  be  feldom 
cxercifed,  they  grow  ftiff,  and  are  not  cafily  dif- 
tended.  From  the  confidcration  of  thefe  fads, 
wc  may  learn,  in  a  great  meafure,  how  to  pre- 
ferve our  eyes  ;  by  habituating  them  occafionally 
to  near  as  well  as  diftant  objects,  wc  may  maintain? 
them  longer  in  their  pcrfetf  ftatc,  and  be  able  to 
poftpone  the  ufe  of  fpcclacics  for  many  years* 
but  wc  may  alfo  infer  from  the  fame  premifes, 
that  there  is  great  danger,  when  the  eyes  are  be- 
come long-lighted,  of  deferring  too  long  the  ufe 
of  fpc&aclcs,  or  ufing  thofe  that  magnify  too 

mucb> 
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much,  as  wc  may  by  cither  method  fo  flatten  the 
eye,  as  to  lofe  entirely  the  benefits  of  naked  vi- 
rion. It  may  not  be  improper  in  this  place  to 
remark,  that  the  Iong-fighted  eye  is  much  more 
liable  to  be  injured  by  too  great  a  degree  of  light, 

Ifian  thofe  that  arc  fhort -lighted. 
Objects  that  appear  confufed  to  the  long- 
ghtcdt  will  be  rendered  more  diftindt,  if  they 
■  them  through  a  fmall  hole,  fuch  as  that 
ade  by  a  pin  in  a  card,  becatife  it  excludes  thofe 
verging  rays  which  are  the  principal  fource  of 
confuiion  ;  but  as  it,  at  the  fame  tirne^  intercepts 
confidcrable  portion  of  the  light,  it  is  by  no 
cans  an  adequate  remedy.  The  beft  relief  they 
an  obtain  is  from  convex  glafles,  for  by  shefe 
rays  of  light  that  proceed  from  the  objeft, 
fo  refracted,  as  to  fall  upon  the  retina,  in 
the  fame  manner  as  if  they  iifued  from  a  diftant 
point.  Spectacles  afford  two  advantages,  for  they 
not  only  render  the  picture  of  objefts  diftindt 
n  the  retina,  but  they  alio  make  it  ftrong  and 

Qk  Spectacles. 


Spectacles  reftorc  and  preferve  to  us  one  of 
moft  noble  and  valuable  of  our  fenfes  j  they 
ible  the  mechanic  to  continue  his  labour,  and 
a  fubfiftence  by  the  work  of  his  hand,  till 
g  extreme  of  old  age.  By  their  aid  the  fcholar 
rfues  his  ftudies,  and  recreates  his  mird  with  in* 
tedhial  plcafurcs,  and  thus  pafTcs  away  days  ami 
irs  with  delight  and  fat  is  fait  ion,  that  might 
thcrw ife  have  been  devoured  by  melancholy,  or 
led  by  idlenefs. 
As  fpedtactes  are  detigned  to  remedy  the  de- 
fers of  fight,  it  is  natural  to  with,  that  the  ma- 
terials   of   which  they  are   formed  lliould    be  as 

Y  2  perl 
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ry  are   purchafed,  and  fame   attention  paid  to 
ms. 

Preservers,  and  Rules  for  the  Preserva- 
tion of  the  Sight* 


Though  it  may  be  rmpoflible  to  prevent  the 
abfblute  decay  of  fight,  whether  arifing  from  age, 
ial  difeafe,  or  illncfsj  yet  by  prudence  and 
management,  it*s  natural  failure  may  cer- 
ly  be  retarded,  and  the  general  habit  of  the 
jyes  (trengthened,  which  good  purpofes  will  be 
oted  by  a  proper  attention  to  the  following 

1.  Never  to  fit  for  any  length  of  time  in  ab- 
fblute gloom,  or  expofed  to  a  blaze  of  light.  The 
reafons  on  which  this  rule  is  founded,  prove  the 
impropriety  of  going  haftily  from  one  extreme 
to  the  other,  whether  of  darknefs  or  of  light, 
and  fhew  us,  that  a  fouthern  afpeft  is  improper 
for  thofe  w  hofe  light  is  weak  and  tender. 

a.  To  avoid  reading  a  fmall  print. 

3.  Not  to  read  in  the  dufk ;  nor,  if  the  eyes 
he  disordered,  by  candle-light.  Happy  thofe  who 
learn  this  lefibn  betimes,  and  begin  to  preferve 
their  light,  before  they  are    reminded,    by  pain, 

tthe  necellity  of  fparing  them  ;  the  frivolous 
ention  to  a  quarter  of  an  hour  of  the  evening, 
5  cod  numbers  the  perfect  and  comfortable 
■  of  their  eyes  for  many  years :  the  mifchief 
effeded  imperceptibly,  the  confequences  are 
wkab 
4.  The  eye  fhould  not  be  permitted  to  dwell 
on  glaring  objeds,  more  particularly  on  firft 
waking  in  a  morning;  the  fun  fhould  not  of 
courfe  be  fullered  to  mine  in  the  room  at  that 
and  a  moderate  quantity  of  light  only  be 
itcd.  It  ifi  cafy  to  fee,  that  lor  the  fame 
Y  j  reafons, 


326      Lectures  on  Natural  Philosophy. 

reafons,  the  furniture  of  a  bed  fhould  be  neither 
altogether  of  a  white  or  red  colour  ;  indeed,  thofc 
whole  eyes  are  weak,  would  find  confidcrabk 
advantage  in  having  green  for  the  furniture  of 
their  bed-ehambcr.  Nature  confirms  the  pro- 
priety of  the  advice  given  in  this  rule  :  for  the 
light  of  the  day  comes  on  by  flow  degrees,  and 
green  is  the  univerfal  colour  fhe  prefents  to  our 
eyes. 

5.  The  long-fighied  fhould  accuftom  them- 
fclves  to  read  with  rather  lefs  light,  and  forne- 
what  nearer  to  the  eye  than  what  they  naturally 
like ;  while  thofc  that  are  fhort-fighted,  fhould 
rather  11  fc  them  Pelves  to  read  with  the  book  as 
far  off  as  poflible.  By  this  means,  both  would 
improve  and  ftrcngthen  their  fight ;  while  a  con- 
trary courfe  will  increafe  it's  natural  imperfec- 
tions. 

There  is  nothing  which  prcferves  the  fight 
longer,  than  always  uiing,  both  in  reading  and 
writing,  that  moderate  degree  of  light  which  is 
beft  fuited  to  the  eye  ;  too  little  ftrains  them,  too 
great  a  quantity  dazzles  and  confounds  them.  The 
eyes  are  lefs  hurt  by  the  want  of  light,  than  by 
the  excefs  of  it  5  too  little  light  never  does  any 
harm,  unlets  they  are  ftrained  by  efforts  to  fee 
objefts,  to  which  the  degree  of  light  is  inade- 
quate; but  too  great  a  quantity  has,  by  it's  own 
power,  deftroyed  the  light*  Thus  many  have 
-brought  on  themfclves  a  cataract,  by  frequently 
looking  at  the  fun,  or  a  fire;  others  have  loft 
their  fight,  by  being  brought  too  fuddenly  from 
an  extreme  of  darknefs  into  the  blaze  t>f  day. 
How  dangerous  the  looking  upon  bright  lumi- 
nous objefls  is  to  the  fight,  is  evident  from  it's 
efteds  in  thofc  countries  which  are  covered  tin 
greater  part  of  the  year  with  fnow,  where  blind- 
nefs  is  exceeding  frequent,  and  where  the  traveller 

if 
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;  obliged  to  cover  his  eyes  with  crape,  to  prevent 
ic  dangerous,  and  often  fudden  effedts  of  too 
nuch  light:  even  the  untutored  favage  tries  to 
void  the  danger,  by  framing  a  little  wooden  cafe 
or  his  eyes,  with  only  two  narrow  flits,  A  mo- 
nentary  gaze  at  the  fun,  will,  for  a  time,  unfit  the 
ryes  for  vifion,  and  render  them  infenfiblc  to  im- 
preflions  of  a  milder  nature. 

The  following  cafes  from  a  fmall  traft  on  the 
(t  Fabric  of  the  Eye"  are  fo  applicable  to  the  prefent 
irticle,  as  to  want  no  apology  for  their  infertion 
here;  though  if  any  were  neceflary,  the  ufe  they 
will  probably  be  of  to  thofe  whofe  complaints  arife 
from  the  fame  or  fimilar  caufes,  would,  I  prefume, 
be  more  than  fufficient. 

**  A  lady  from  the  country,  coming  to  refide 
in  St.  James's-fquare,  was  affli&cd  wjth  a  pain  in 
the  eye,  and  a  decay  of  fight.  She  could  not  look 
upon  the  (tones,  when  the  fun  (hone  upon  them, 
without  great  pain.  This,  which  flie  thought  was 
one  of  the  fymptoms  of  her  difordcr,  was  the  real 
caufe  of  it.  Her  eyes,  which  had  been  accuftomed 
to  the  verdure  of  the  country,  and  the  green  of  the 
pafture  grounds  before  her  houfe,  could  not  bear 
the  violent  and  unnatural  glare  of  light  refle&ed 
from  the  ftones ;  (he  was  advifed  to  place  a  num- 
ber of  fmall  orange  trees  in  the  windows,  Co  that 
their  tops  might  hide'the  pavement,  and  be  in  a 
line  with  the  grafs.  She  recovered  by  this  fimple 
change  in  the  light,  without  the  afliftance  of  any 
medicine ;  though  her  eyes  were  before  on  the 
verge  of  little  lefs  than  bliudncfs." 

€€  A  gentleman  of  the  law  had  his  lodgings  in 
Pall-mall,  on  the  north-fide,  his  front  windows 
irere  expofed  to  the  full  noon  fun*  while  the  back 
room,  having  no  ciujjiing,  but  into  a  fmall  cl< 
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he  wrote  in  the  back  room,  and  ufed  to  come  from 
that  into  the  front  to  break  fa  ft,  &c.  his  fight  grew 
weak,  and  he  had  a  conftant  pain  in  the  balls  of  hii 
eyes;  he  tried  vifual  glaffes^ndfpoke  with  oculifts, 
equally  in  vain.  Being  foon  convinced,  that  the 
coming  fuddenly  out  of  his  dulky  ftudy,  into  the 
full  blaze  ot  fun-fhine,  and  that  very  often  in  the 
day,  had  been  the  real  caufe  of  his  diforder;  he 
took  new  lodgings,  by  which,  and  forbearing  to 
write  by  candle-light,  he  was  very  foon  cured,** 

Blindncfs,  or  at  lead  mifeiablc  wcaknefles  of 
fight,  are  often  brought  on  by  thefc  unfufpetted 
caufes,  Thofe  who  have  weak  eyes,  fhouid  there- 
fore be  particularly  attentive  tofuch  circumftanccs, 
fince  prevention  is  eafy,  but  the  cure  may  bediffi- 
cult,  and  fometimes  impracticable. 

What  foe  ver  care,  however,  be  taken,  and 
though  every  precaution  be  attended  to  with  fcru- 
pulous  exactnefs;  yet  as  we  advance  in  years,  the 
powers  of  our  frame  gradually  decay ;  an  effect  which 
is  generally  firft  perceived  in  the  organs  of  vifion. 

Age  is,  however,  by  no  means  an  abfolutecrir 
tenon,  by  which  we  can  decide  upon  the  fight,  nor 
will  it  prove  the  neceffity  of  wearing  fpcctacles. 
For,  on  the  one  hand,  there  arc  many  whofc  fight 
is  preferved  in  alt  it's  vigour,  to  an  advanced  old 
age;  uhile,  on  the  other,  it  maybe  impaired  in 
youth  by  a  variety  of  caufes,  or  be  vitiated  by  in* 
temal  maladies.  Nor  is  the  defed  either  the  fame 
in  different  perfons  of  the  fajmeage,  or  in  the  fame 
per  fan  at  different  ages ;  in  fome  the  failure  is  na- 
tural, in  others  it  is  acquired. 

From  whatever  caufes  this  decay  arifes,  an  at- 
tentive confederation  of  the  following  rules  will 
enable  every  one  to  judge  for  himfelf,  when  his 
light  may  be  affifted  or  preferved  by  the  ufe  of 
fpedtades, 

I,  When 
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1.  When  we  are  obliged  to  remove  fmall  ob- 
jects to  a  confiderable  diftance  from  the  eye,  in 
order  to  fee  them  diftindtly. 

2.  If  we  find  it  neceflary  to  get  more  light 
than  formerly ;  as  for  inftance,  to  place  the  candle 
between  the  eye  and  the  objedfc. 

3.  If  on  looking  at,  and  attentively  confider- 
ing  a  near  objedt,  it  becomes  confufed,  and  appears 
to  have  a  kind  of  mift  before  it. 

4.  When  the  letters  of  a  book  run  one  into 
the  other,  and  hence  appear  double  and  treble. 

5.  If  the  eyes  are  fo  fatigued  by  a  little  excr- 
cife,  that  we  arc  obliged  to  fhut  them  from  time 
to  time,  and  relieve  them  by  looking  at  different 
objcdls. 

When  all  thefe  circumftances  concur,  or  any 
of  them  feparately  take  place,  it  will  be  neceflary 
to  feek  afliftance  from  glafles,  which  will  now  eafe 
the  eyes,  and  in  fome  degree  check  their  tendency 
to  grow  flatter;  whereas  if  they  be  not  aflifted  in 
time,  the flatnefs  will  be  confiderably  increafed,  and 
the  eyes  be  weakened  by  the  efforts  they  are  com- 
pelled to  exert. 

We  are  now  able  to  decide  upon  a  very  im- 
portant queftion,  and  fay  how  far  fpeftacles  may  be 
laid  to  be  prcfervers  of  the  fight.  It  is  plain  they 
can  only  be  recommended  as  fuch,  to  thofe  whofe 
eyes  are  beginning  to  fail;  and  it  would  be  as  ab- 
furd  to  advife  the  ufe  of  fpcdacles  to  thofe  who 
feel  none  of  the  foregoing  inconveniences,  as  it 
would  be  for  a  man  in  health  to  ufe  crutches  to 
fave  his  legs.  But  thofe  who  feel  thofe  in- 
conveniences, (hould  immediately  take  to  fpec- 
tacles,  which,  by  enabling  them  to  fee  objefts 
nearer,  and  by  facilitating  the  union  of  the  rays  of 
light  on  the  retiaill  "TX>rt  and  prcferve  the 
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Of  Couched  Etes, 

With  the  difcafes  of  the  eye,  thcfe  Lcfturc; 
have  no  concern ;  they  have  been  already  well  and 
ably  confide  red  by  profefftonal  men  ;  and  it  is  fcarte 
ncceflary  toobferve,  that  in  anatomical  knowledge, 
and  in  the  pradical  operations  of  furgery,  England 
now  claims  a  juft  pre-eminence  over  other  nations* 

But  among  the  various  difeafes  of  this  organ, 
there  is  one  in  which,  after  the  furgeon  has  quitted 
the  patient,  glallcs  are  neecfiary,  to  give  effe&to 
the  operation,  and  a  comfortable  fight  of  obje&sto 
the  perfon  relieved.  This  difcafe  is  the  catarad, 
a  diforder  alfeding  the  eryftalline  humour  of  the 
eye ;  when  the  opacity  is  confirmed,  this  humour 
becomes  fo  opake,  as  fcarcely  to  admit  any  rays  of 
light,  and  prevents  their  producing  their  ordinary 
efreifts,  and  cnnfequently  no  image  of  any  object  is 
formed,  though  the  retina,  and  other  organs  of 
light,  are  in  per  fed:  order.  There  is  no  diforder 
more  deplorable  in  it's  nature  and  confequences ; 
deftrudive  of  the  fight,  often  beyond  the  reach  of 
remedy:  the  hand  of  the  operator  is  the  only  hope, 
and  his  efforts  arc  fometimes  unfuccefsful. 

The  caufe  of  this  diforder  is  leldom  known. 
Sometimes  it  has  been  thought  to  be  brought  on 
by  frequent  infpe&ion  of  the  fun,  and  fometimes 
by  looking  too  long  and  too  often  at  a  bright  fire. 
In  early  ftages  of  the  difeafe  it  has  been  thought  to 
be  removed  by  medicine.*  Of  the  various  re- 
medies 

V 

*  Baron  de  WenzcJ,  in  his  Treatife  on  the  Cataraft,  deniei 
that  any  medicine  has  power  to  diflipate  the  opakc  eryftalline. 
Mr.  Ware,  in  his  tranflation  of  this  work,  aficnts  to  the  truth  of 
Che  Baron's obfervation,  fo  far  as  is  at  prefcm  known;  but  addf, 
that  many  cafes  have  occurred,  under  his  own  infpcelion,  which 
prove  that  the  powers  of  nature  are  often  fuffieient  for  this  pur* 
pofc.  Thofc  opacities  in  particular,  which  ate  produced  by  cx*er« 

nil 
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medies  that  have  been  ufed  for  this  purpofe,  the 
ele&rical  ftream  is  fuppofed  by  many  to  be  the 
beft,  on  account  of  it's  powerful  difcuticnt  pro- 
perties. 

The  afliftance  the  eye  receives  from  the  fur- 
geon  is  either  by  depreflion  of  the  cryftalline 
below  the  pupil,  or  extra&ing  the  cataradt.  But 
as  the  denfity  of  the  vitreous  humour,  which  fup- 
plies  the  place  of  the  cryftalline,  i^lcfs,  the  rays  of 
light  will  be  lefs  refracted,  and  not  meet  at  the  re- 
tina, but  at^fome  diftance  behind  it ;  the  fight  will 
therefore  be  imperfedt,  except  the  eye  be  aflifted 
with  a  proper  convex  glafs.  There  is  a  circum- 
ftance  attending  couched  eyes,  which  fully  evinces 
that  the  change  made  in  our  eyes,  to  accommodate 
them  to  thediftances  of  obje&s,  muft  be  principally 
attributed  to  the  cryftalline  humour;  namely,  that 
one  focus  is  feldom  fufficient  to  enable  thofe  who 
have  undergone  this  operation,  to  fee  objedts  at  dif- 
ferent diftances.  They  generally  require  two  pair  of 
fpedtacles,  one  for  near,  the  other  for  more  diftant 
abje&s.  The  foci  that  are  ufed  lie  between  6  and 
1  \  inches. 

It 

nal  violence,  he  has  repeatedly  Teen  diflipatcd  in  a  fhort  fpace  of 
time,  when  no  other  parts  of  the  eye  have  been  hurt ;  and  in  ge- 
neral, in  cafes  of  this  defcription,  the  cryftalline  humour  has 
been  diflblved  ;  which  has  been  demonflrated,  by  (he  benefit  the 
patient  has  afterwards  derived  from  adopting  the  ufe  of  deeply 
convex  glades.  Mr.  Ware  adds,,  that  in  (lances  are  not  wanting, 
in  which  catara&s,  which  were  formed  without  any  violence, 
have  been  fuddenly  diftipated,  in  confequence  of  an  accidental 
blow  on  the  eye.  For  thefe  reafons  he  entertains  a  hope,  that 
means  may  hereafter  be  difcovered,  by  which  an  opake  cryftal- 
line may  be  rendered  tranlparenr,  without  the  performance  of 
any  operation  whatever.  The  remedies  which  have  appeared 
to  Mr.  Ware  more  efFc&ual  than  others,  in  thefe  cafe*,  have 
been  the  application  to  the  eye  itfclf  of  one  or  iwo*drops  of 
aether,  once  or  twice  in  the  courfe  of  the  day,  and  the  occational 
rubbing  of  the  eye  over  the  lid,  with  the  point  of  lhe  finger,  firft 
moiften^d   with   a  weak   vol;**'1*  *«n.     See 

Ware's  f  fWe. 
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It  is  not  advifeable  to  ufc  glafles  too  foon  after 
the  operation ;  for  while  the  eyes  are  in  a  debili- 
tated ftate,  all  exertions  are  not  only  improper,  but 

alfo  very  prejudicial. 

Or  the  Short-sighted. 

In  this  defed  of  the  eyes,  the  images  of  obje& 
at  an  ordinary  diftance  unite  before  they  arrive  at 
the  retina,  and  confequently  the  images  formed 
thereon  are  confufed  and  indiftindt.  This  effeft  is 
produced  either  by  too  great  a  convexity  in  the 
cornea  and  cryftalline,  or  too  great  a  refra&ive 
power  in  the  humours  of  the  eye;  or  the  retina 
may  be  placed  too  far;  or  it  may  arife  from  a  con- 
currence of  all  thefe  circumftances. 

Thofe  who  are  fhort-fighted  can  diftinguiih 
fmaller  objects,  and  fee  clearly  a  given  fmall  objed 
with  lefs  light  than  other  people :  the  reafon  is  evi- 
dent, for  the  nearer  the  objedl  is,  the  more  light 
enters  the  pupil ;  being  alfo  more  denfe,  it's  adion 
is  more  powerful  on  the  retina ;  hence  the  (hort- 
fighted  can  read  a  fmall  print  by  moon-lhine,  or  in 
the  twilight,  when  a  common  eye  can  fcarce  dif- 
tinguifli  one  letter  from  another. 

In  a  (trong  light  they  can  fee  a  little  farther 
than  they  do  when  it  is  weak;  the  ttrength  of  the 
light  caufes  the  pupil  of  their  eyes  to  contract,  and 
thus  removes  in  fome  degree  the  indiftin&nefs  of 
the  obje&s.  Upon  the  fame  principle  we  may  ac- 
count for  the  (hort-fighted  fo  often  partly  (hutting 
their  eyelids,  from  whence  they  were  formerly  de- 
nominated myopes  ;  by  this  means,  they  confine  the 
bafes  of  the  pencils  of  rays  which  iffue  from  the 
points  of  an  objeft,  and  thus  contract  the  circle  of 
diffipation,  and  leflfen  the  indiftincftnefs  of  vifion: 
hence  they  alfo  fee  objects  more  diftinctly  through 
*  fmall  hole,  as  that  made  by  a  pin  in  a  card. 

It 
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It  is  a  common  obfervation,  that  the  ihort- 
[ighted  do  in  general  prefer  a  fmall  print  to  a  large 
[>ne,  and  that  they  ufually  write  a  fmall  hand  ;  for 
t>y  the  proximity  the  letters  are  magnified,  and, 
being  fmall,  they  take  in  a  greater  number  at  one 
view ;  they  hold  the  book  they  are  reading  in  ge- 
nerally inclined  to  one  fide,  in  order  to  attain  a 
J  greater  degrge  of  illumination.  As  they  can  only 
fee  diftindlly  objects  that  are  near,  they  are  obliged, 
by  a  ftrong  effort  of  the  mind,  to  caufe  the  axesof 
the  eyes  to  converge ;  this  effort  being  painful, 
forces  them  often  to  turn  away  one  of  their  eyes, 
which  producing  double  <vifion,  they  are  obliged  to 
(hut  it.  When  they  hold  a  book  diredtly  before 
their  eyes,  the  pidture  will  fall  upon  the  middle  of 
the  retina;  but  if  they  hold  it  obliquely,  it  will  fall 
upon  the  fide  of  the  retina ;  now  the  middle  of  the 
retina  is  further  from  the  fore  part  of  the  eye  than 
the  fide  of  it  is.  Therefore  though  the  picture 
be  fo  near  to  the  fore  part  of  the  eye  as  to  be 
confufed  if  it  fall  upon  the  middle,  it  may  be 
diftinlt  when  it  falls  upon  the  fide. 

As  thofc  who  arc  very  fhort-fighted  do  not 
perceive  the  motion  of  the  eyes  and  features,  they 
feldom  look  attentively  at  thofe  with  whom  they 
are  converfing :  it  is  from  this  circumftance  that 
Pliny  terms  the  proinincnt-eyed  hebetiores\  not 
that  this  defeft  in  fight  impairs  genius,  or  leffens 
the  powers  of  the  mind ;  but  as  it  deprives  them 
of  the  rapid  communications  that  are  made  by 
the  eye,  it  apparently  leflens  that  vivacity  of  con- 
ception, which  always  accompanies  a  vigorous 
mind. 

Happily  for  the  fhort-fighted,  the  principal 
inconveniences  of  their  fight  may  be  remedied  by 
the  ufe  of  concave  glafles  ;  by  their  afiiftancc, 
thofe  whofe  fphere  of  diftindt  vifion  fcarce  ex- 
tended beyond  '"  -Uftia- 
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uifh,  very  fatisfacSorily,  objeds  at  a  confideratle 
iftance  ;  the  concave  lens  produces  diftindt  vi- 
lion,  by  caufing  the  rays  to  diverge  more,  and 
unite  at  the  retina,  inftead  of  meeting  before  they 
reach  the  bottom  of  the  eye. 

In  the  choice  of  glaifes  for  the  fhort-fighted, 
no  rules  can  be  laid  down;  it  is  a  defect  that  ha* 
no  connection  with  age,  no  ftatcd  progrefliort 
that  can  be  a  foun^^on  r^  guide  the  optician,  or 
lead  him  to  recommi  i  r  glafs  in  preference  to 

another;  the  whole  n  cpend  on  the  obferva- 

tion  of  the  ihort-fi  tea  themfelves,  who,  by 
trying  glaflcs  of  dim-rent  degrees  of  concavity, 
will  foon  find  out  that  u  e  cffe<£ts  are  moft  ad- 
vantageous, product  i<ft  vifion  at  different 
diftances. 

If  the  fhort-fighted  p  rfon  is  fo  far  removed 
from  an  optician,  as  not  to  have  an  opportunity 
of  trying  a  variety  of  lenfes,  he  may  be  nearly 
fuitcd,  by  fending  to  him  the  greateft  diftance  at 
which,  with  his  naked  eye,  he  can  fee  diftindly; 
he  will,  by  the  following  rule,  be  enabled  to  fuit 
him  with  tolerable  cx^flnefs* 

Multiply  the  diftance  at  which  the  fhort- 
fighted  perfon  fees  diftmftly  with  his  naked  eye* 
by  the  diftance  at  which  it  is  required  he  fhould 
fee  diftincflly  by  a  concave  glafs,  and  divide  the 
product  by  the  difference  between  the  aforefaid 
diftances  :  if  the  required  diftance  be  very  remote, 
the  glafles  muft  be  of  that  radius  at  which  they 
fee  diftin<5Hy  with  their  naked  eyes. 

The  benefit  the  iliprt-fighted  receive  from 
concave  glaffes,  is  not  fo  great  as  the  long-fighted 
find  by  a  convex  lens;  far  an  objeft  is  not  only 
magnified,  but  the  eye  receives  aifo  a  larger  pen- 
cil of  light  from  each  viiible  point,  becaufethe 
rays  enter  lefs  diverging:  whereas  the  concave 
ot  only  diminifhes  the  object  in  fizs* 
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leflcns  alfo  the  quantity  of  light,  as  it  renders  the 
rays  more  diverging;  confequently  the  (hort- 
fighted  do  not  fee  remote  objects,  unlefs  they  are 
very  large  and  bright,  fo  well  through  a  concave 
lens  as  theory  promifes :  for  the  chief  impedi- 
ment to  a  diftin&  view  of  remote  objeds,  is  their 
want  of  light  and  magnitude,  but  both  of  thefe  a 
concave  lens  increafes. 

It  is  generally  fuppofed,  that  the  (hort-fighted 
become  lefs  fo  as  they  advance  in  years,  as  the 
natural  Shrinking  and  decay  in  the  humours  of 
the  eye  leffen  it's  convexity,  and  thus  adapt  it 
better  for  viewing  of  diftant  obje&s ;  but  among 
the  great  number  of  fhort-fighted  that  I  have  ac- 
commodated with  glafles,  I  have  ever  found  the  ro* 
verfe  of  this  theory  to  be  true,  and  the  eyes  of  the 
myopes  never  required  glafles  lefs  concave,  but 
generally  more  concave  as  they  grew  older,  to 
enable  them  to  fee  at  the  fame  diftance. 

Further,  the  effedts  of  habit,  which  are  in  moft 
cafes  very  powerful,  but  peculiarly  fo  in  the  af- 
fections of  the  eye,  have  a  natural  tendency  to  in- 
creafe  the  defeft  of  the  myopes ;  for  by  frequently" 
looking  clofe  to  objects,  in  order  to  fee  them 
diftinitly,  they  would  make  themfelves  ncar-fight- 
ed,  though  their  eves  were  naturally  the  reverie : 
hence  we  find,  that  watch-makers,  engravers, 
and  ftudious  perfons,  often  bring  on  this  defect. 
By  reading  or  working  at  as  great  a  diftance  as. 
poflible,  and  often  looking  at  remote  obje&s,  the 
degree  of  Ihort-fightednefs  may  be  much  leflcned. 
As  children  in  general  read  much  nearer  than 
grown  perfons,  if  they  are  fuffered  to  indulge  this 
propensity,  they  become  naturally  {hort-fighted. 

I  have  found  it  neceflary,  in  fome  inftances, 
to  give  convex  glafles  to  the  {hort-fighted,  when 
very  far  advanced  in  age,  not  becai  *  ir  eyes 
-Were  grown*1  r  ~t-  but  to  gii  more 
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light,  and  counteract  an  extreme  contraction  of  the 
pupil* 

Great  as  are  the  di  fad  vantages  of  the  fhoit- 
fighred,  they  are  lefs,  perhaps,  with  refpedtto  dif- 
tant  objefts,  than  is  generally  imagined  ;  they  fee 
the  brighter  ftars  and  planets,  nearly  as  well  as 
other  people*  They  are  prevented  indeed  from 
diftinguiftiing  beyond  a  certain  fmall  diftance,  the 
fmall  parts  of  an  objeft  which  are  very  vifible  to 
another ;  thus  they  cannot  diftinguifh  the  features 
of  a  face  acrofs  a  room,  and  as  objefts  arc  generally 
difcriminated  by  their  minuter  parts,  their  difad- 
vantage  in  viewing  objects  at  a  moderate  diftance 
is  very  evident.  But  though  fuch  a  perfon  cannot 
difcern  the  minutiae  of  obje&s,  unlefs  they  are  very 
large  and  very  near  him ;  yet  he  can  perceive  any 
object  in  the  grofs,  at  a  coniiderable  diftance,  if  it 
be  not  too  fmall :  thus  he  may  perceive  a  man  at 
the  diftance  of  feveral  paces,  but  muft  advance 
within  one  or  two,  before  he  can  determine  who 
he  is,  or  call  him  by  his  name;  he  will  fee  a  large 
tree  much  further,  and  from  experience  in  fuch 
cafes,  will  perceive,  that  a  large  obfeure  object  a! 
a  great  diftance  is  an  houfe,  to  the  furprize  of  his 
friends  who  are  acquainted  with  the  nature  of  his 
light.  On  thefe  principles,  we  may  eafily  accounE 
for  the  apparent  paradox  of  the  pur-blind,  orthofe 
who  can  fcarccly  fee  a  fmall  objedt  at  arm's  length, 
yet  difeovering  thofe  that  are  very  remote. 
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LECTURE    XVIII. 

ON    THE 

NATURE  of  VISION. 


Of  the  Distance,  Magnitude,  and  apparent 

Place  of  Objects. 

LET  us  now  confider  by  what  means  £hfe  mind$ 
aflifted  by  the  eyes,  is  informed  of  the  di fiance 
of  objefts.  Diftance,  of  itfelf  and  immediately,  is 
imperceptible  %  for  it  is  only  a  line  directed  end- 
ways to  the  eye.  Thus,  if  I  look  endways  at  this 
piece  of  packthread,  the  length  of  it  would  be  in- 
vifible  from  it's  fituation,  and  therefore  the  image 
on  the  retina  can  only  be  a  point ,  which  point  will 
be  invariably  the  fame  at  all  diftances;  whether  the 
objed  be  a  thoufand  miles,  or  only  a  foot  from  us, 
the  point  is  (till  the  fame. 

Tbe  change  of  conformation  in  the  eye,  is  thi 
Jirft  means  whereby  tbe  eye  judges  of  dijtance.  If  the 
figure  of  the  eye  and  the  lituation  of  all  it's  parts 
Tvere  to  continue  always  the  fame  at  all  diftances 
*>f  the  objedls  we  are  looking  at,  the  pi&ure  ot 
fome  obje&s  upon  the  retina  would  be  confufed, 
becaufe  they  are  too  far  off,  and  others  becaufe 
ihey  are  too  near.  In  viewing  obje&s  at  fmall 
"but  .different  diftances,  the  eye  muft  change  it's 
Conformation  for  procuring  diftindt  vifion.  Young 
people  have  commonly  the  power  of  adapting  their 
eyes  to  all  diftances  of  the  object,  from  6  ox 
ches  to  15  or  16  feet,  Co  as  to  have 
Hftindt  viiion  a 
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The  effort  they  ufe  to  adapt  the  eye  to  any  parti- 
cular diftance  of  obje&s,  within    that   diftance,  j 
will  become  a  fign  of  that  diftance/  ! 

This  change  in  the  conformation  of  the  eye  has 
it's  limits,  beyond  which  it  cannot  go ;  it  can  there- 
fore be  of  no  ufe  to  us  in  judging  of  the  diftance  of 
obje&s  that  are  placed  beyond  the  limits  of  dif- 
tind  vilion.  But  as  the  objeft  appears  more  or 
lefs  confufed,  acccording  as  it  is  more  or  lefs  re- 
moved  from  thefe  diftances,  the  degree  of  confu- 
fion  in  the  objefts  affifts  the  mind  in  judging  of  dis- 
tances, and  becomes  a  fign  thereof  confiderabljr 
beyond  the  limits  of  diftinft  vifion.  This  confu- 
fednefs  has  alfo  it's  bounds,  beyond  which  the 
image  on  the  retina  will  not  be  fenfibly  more  in- 
diftind,  though  the  objedt  be  removed  to  a  much 
greater  diftance. 

If  therefore  we  had  no  other  means  but  this 
of  perceiving  the  diftance  of  vifible  obje&s,  the 
molt  diftant  would  not  appear  to  be  above  20  or 
30  feet  from  the  eye  ;  and  the  tops  of  houfes  and 
trees  would  fecm  to  touch  the  clouds,  becaufe  in 
that  cafe  the  ligns  of  all  greater  diftances  being 
the  fame,  they  have  the  fame  fignification,  ana 
give  the  fame  perception  of  diftance. 

We  arc  therefore  provided  with  another  means, 
namely,  the  inclination  of  the  optic  axes.  In  view- 
ing an  object  attentively  with  both  eyes,  we  always1 
diredt  both  eyes  towards  it,  and  the  nearer  the  ob- 
jed:  is  the  more  they  will  be  inclined  to  each 
other,  and  the  more  remote  the  lefs  will  be  this 
inclination:  and  although  we  are  not  confeious 
of  this  inclination,  yet  we  are  confeious  of  the 
effort  employed  in  it.  By  this  means  we  perceive 
fmali  diftances  more  accurately  than  we  could  do 
by  the  conformation  of  the  eye  only ;  and  there- 
fore we  find  that  thofe  who  have  loft  the  light  of 
one  eye,  are  apt,  even  within  arm's  length,  to  make 

mhlakc* 
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miftakes  in  the  diftancc  of  obje<5ts,  which  are  eafily* 
avoided  by  thofe  who  fee  with  both  ryes :  fuch 
Iniftakes  are  often  difcovered  in  fnuffing  a  candle, 
threading  a  needle,  and  filling  a  tea-cup.  A  pcr- 
fon  who  plays  well  at  tennis,  will  find  himfelf 
fubjeft  to  the  fame  miftakes  the  firft  time  he  plays 
mrith  his  eye  hoodwinked. 

To  be  convinced  of  the  truth  of  this  obferva- 
tion,  fufpend  by  a  thread  a  ring,  fo  that  the  edge 
may  be  towards  you,  and  it's  hole  look  right  and 
left ;  take  a  ftick  which  is  crooked  at  the  end,  and 
retiring  2  or  3  paces  from  the  ring,  cover  one  eye 
with  your  hand,  and  endeavour  with  the  other  to 
pafs  the  crooked  end  of  the  rod  through  the  ring : 
eafy  as  the  experiment  may  appear,  you  will 
fcarccly  fucceed  once  in  a  hundred  times  if  you 
move  the  rod  quickly. 

Although  this  fecond  mean  of  perceiving  the 
diftance  of  vifible  objetts  be  more  exadt  and  de- 
terminate than  the  firft,  yet  it  'hath  it's  limits, 
beyond  which  it  can  be  of  no  ufe.  For  when  the 
optic  axes  dire&cd  to  an  objeft  are  fo  nearly  pa- 
rallel, that  in  directing  them  to  an  objeft  yet  more 
tliftant,  we  arc  not  confeious  of  any  new  effort,  nor 
have  any  different  fenfation,  our  perception  of  dif- 
tance flops  ;  and  as  all  more  diftant  objeds  affed: 
the  eye  in  the  fame  manner,  we  perceive  them  to 
be  at  the  fame  diftance.  This  fhews  why  the  fun, 
moon,  planets,  and  fixed  ftars,  when  not  feen  near 
the  horizon,  appear  to  be  all  at  the  fame  diftancc, 
as  if  they  touched  the  concave  furface  of  a  great 
ipherc. 

The  colours  and  degrees  of  bright  nefs  in  objects 
is  a  caufe  of  a  difference  of  apparent  diftance.  As 
objedis  become  more  and  more  remote,  they  gra- 
dualy  appear  more  faint,  languid,  and  obfeure  ; 
♦heir  minute  parts  ;ndiftind  ;  their 

linelcfs  acr  colour*  wot 
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only  lofe  their  luftre,  but  degenerate  from  their  na- 
tural hue,  and  are  tinged  with  the  azure  of  the 
intervening  atmofphere.  It  is  by  thefe  means 
that  painters  can  reprefent  upon  the  fame  canvas 
objects  at  very  different  diftances.  The  diminu- 
tion of  magnitude  in  an  object  would  not  be  fuffi-1 
cient  to  make  it  appear  at  a  great  diftance  without 
this  degradation  of  colour,  indiftindtnefs  of  the 
outline,  and  of  the  minute  parts.  If  a  painter 
fhould  make  a  human  figure,  ten  times  lefs  than 
other  human  figures  that  are  in  the  fame  piece, 
having  the  colours  as  bright,  and  the  outline  and 
minute  parts  as  accurately  defined,  it  would  not 
have  the  appearance  of  a  man  at  a  great  diftance, 
but  of  a  pigmy  or  Lilliputian.  Painters  therefore, 
to  give  their  figures  a  due  degree  of  remotcnefs, 
are  obliged  to  lay  over  each  a  thick  colouring  of 
air;  for  the  more  remote  the  objc<5t,  the  more  do  it's 
own  colours  feem  loll  in  that  of  the  intervening 
atmofphere.  This  is  called  keepings  for  by  this 
means  every  object  in  a  pidture  fecms  to  keep  it's 
proper  diftance  from  the  reft. 

Dr.  Smith  gives  us  a  curious  obfervation  made 
by  Bifhop  Berkeley  in  his  travels  through  Italy 
and  Sicily.  He  obferved,  that  in  thofe  countries, 
cities  and  palaces,  feen  at  a  great  diftance,  ap- 
peared nearer  to  him  by  fevcral  miles  than  they 
really  were;  and  this  he  attributed  to  the  purity 
of  the  Italian  and  Sicilian  air,  which  gave  to  very 
diftant  objects  that  degree  of  brightnefs  and  dif- 
tin&ncfs,  which  in  the  grofler  air  of  England  was 
only  feen  in  thofe  that  were  near.  Hence  a  cham- 
ber appears  lefs  when  it's  walls  are  whitened,  and 
fields  and  hills  appear  lefs  when  covered  with 
fnow. 

It  is  alfo  certain,  that  in  air  uncommonly  pure 
we  are  apt  to  think  vifiblc  objects  nearer  and  lefs 
than  they  really  are,  and  in  air  uncommonly  foggy 
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we  are  apt  to  think  them  more  diftant  and  Jarger 
than  the  truth.  A  wefterly  profped  in  a  clear 
morning,  with  the  fun  upon  it,  appears  nearer  than 
when  the  fun  is  higher  up  and  more  wefterly.  The 
difpofition  of  the  clouds  and  innumerable  other 
circumftances  affed  the  brightnefs  of  objects,  and 
contribute  their  (hare  in  forming  our  ideas  of  the 
diftance  of  remote  objeds. 

The  length  of  the  ground-plane,  or  number  of 
intervening  parts  perceived  in  it,  is  another  mean  by 
which  we  perceive  diftance.  We  are  fo  much  ac- 
cuftomed  to  meafure  with  our  eye  the  ground  we 
travel  over,  and  to  compare  the  judgment  of  dis- 
tances formed  by  light  with  adjjal  experience  or 
information,  that  we  by  degrees  in.  this  way  form 
a  more  accurate  judgment  of  the  diltance  of  ter- 
reftrial  objeds  than  we  could  do  by  any  of  the 
ibove-mcntioned  means. 

A  given  extent  appears  longer  according  as  it 
contains  a  greater  number  of  vifible  parts;  and  hence 
two  remote  and  very  unequal  diftances  may  appear 
very  unequal,  according  to  the  different  circum- 
ftances of  the  intervening  parts,  and  as  the  fpec- 
Itator  is  differently  elevated.  Thus  a  hedge  having 
in  it  fevcral  grown  frees,  generally  looks  longer 
than  a  dipt  hedge,  or  the  lame  extent  qf  ground 
in  an  open  field.  For  the  fame  reafon  a  row  of 
houfes,  columns,  or  trees  regularly  planted,  appear 
longer  than  a  plain  wall  of  the  fame  extent ;  for  in 
this  cafe  there  are  not  only  more  vifible  and  re- 
markabh  parts  in  the  one  cafe,  but  our  pre-know- 
[edge  of  the  fcveral  intervening  objeds  being  equi- 
iiftant,  tends  to  protrad  the  apparent  length  of 
:he  whole  chain  (till  longer.  A  river  at  firit  docs 
not  look  fo  broad  as  it  does  after  you  have  had  a 
fide  view  of  the  bridge  acrofs;  and  indeed  a  given 
extent  of  water  does  not  appear  fo  long  as  the  farce 
extent  of  land,  it  being  more  difficult  to  diltin- 

/  3  guifli 
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guifh  parts  in  the  furface  of  the  one,  than  it  is  in 
the  furface  of  the  other.  Hence  a  perfon  unufcd 
to  a  fea  profped:  will  be  much  miftaken  in  his 
judgment  of  diftances  ;  a  (hip  that  is  8  or  10  miles 
from  the  fhore,  will  fcarcc'feem  to  him  to  be  a 
mile  off. 

When  part  of  the  intervening  chain  is  invi- 
fible,  or  obfeurely  feen,  the  apparent  diftances  of 
objects  that  are  beyond  that  part  will  be  accord- 
ingly  Ids.  Thus  a  certain  extent  of  rough,  uneven 
ground,  appears  fhorter  than  the  fame  extent  of 
plain  ground ;  the  prominent  parts  hiding  the  ca- 
vities behind  them,  the  apparent  diftance  is  fo 
much  the  lefs  by  the  lofs  of  thofe  invifible  parts. 
For  the  fame  reafon  the  brow  of  an  hill  feen  over 
the  top  of  another  frequently  looks  nearer  than  it 
docs  after  the  vale  between  prefents  itfelf  to  our 
view  ;  and  the  banks  of  a  river  at  fome  diftance, 
will  fecm  contiguous,  if  no  part  of  the  furface  of 
the  river  is  vifible. 

The  known  diftance  of  the  terreftrial  objefls 
which  terminate  oiir  view,  makes  that  part  of  the 
Iky  which  is  towards  the  horizon  appear  more  dif- 
tant  than  that  which  is  towards  the  zenith.  And 
hence  the  apparent  figure  of  the  fky  is  not  that 
of  a  hemifphcre,  but  rather  a  lefs  fegment  of  a 
fpherc;  and  the  diameter  of  the  fun  or  moon,  and 
the  diftance  between  two  fixed  ftars,  feen  conti- 
guous to  a  hill,  or  to  any  terreftrial  objcvft,  appear 
much  greater  than  when  no  fuch  objedt  ftrikesthe 
eye  at  the  fame  time. 

When  the  viiible  horizon  is  terminated  by 
very  diftant  objects,  the  celeftial  vault  is  enlarged 
in  all  it's  dimcnfions.  When  viewed  from  a  con- 
fined ftreet  or  lane,  it  bears  fome  proportion  to  the 
buildings  which  fu rround  it;  but  when  viewed 
from  a  large  plain,  terminated  on  all  lides  by  hills 
riling  one  above  another  to  the  diftance  of  20  or 

more 
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more  miles  from  the  eye,  you  fee  as  it  were  another 
feeaven,  whofe  magnificence  declares  the  great nefe 
>f  it's  Author,  and  puts  every  human  edifice  out 
of  countenance  ;  for  the  lofty  fpires  and  gorgeous 
palaces  (brink  into  nothing  before  it,  and  bear  no 
more  proportion  to  the  ecleftiai  dome,  than  their 
maker  to  it's  Maker. 

Different  degrees  of  apparent  diftance s  arefug- 
%ejled  by  the  diminution  of  their  apparent  or  vifible 
magnitude.  We  know,  by  experience,  what  figure 
a  man  or  any  known  objeft  makes  to  our  eyes  at 
ten  feet,  and  we  perceive  a  gradual  diminution  of 
the  vifible  figure  ^t  20,  40,  100  feet,  and  fo  on  till 
it  at  laft  vanifhes :  hence  a  certain  vifible  magnitude 
of  a  known  object  becomes  the  fign  of  a  certain 
determinate  diftance,  and  carries  with  it  the  con- 
ception and  belief  of  that  diftance. 

But  when  we  are  ignorant  of  the  real  magni- 
tude of  an  object,  we  can  never  from  the  apparent 
magnitude  form  any  judgment  of  it's  diftance. 
Hence  we  are  fo  frequently  deceived  in  our  efti- 
matc  of  diftance,  by  the  extraordinary  magnitude 
of  any  objefl  feen  at  the  end  of  it ;  as,  in  travelling 
towards  a  large  city,  or  a  caftle,  or  a  cathedral 
church,  or  a  large  mountain,  we  imagine  them 
nearer  than  we  find  them  to  be.  This  is  alfo  the 
reafon  why  animals  and  all  fmali  objedts,  feen  in 
vallies,  contiguous  to  large  mountains,  appear  ex- 
ceedingly fmall ;  for  we  think  the  mountain 
nearer  to  us  than  if  it  were  fmaller,  and  we  ihould 
be  furprifed  at  the  apparent  fmalinefs  of  the  neigh- 
bouring animals,  if  we  thought  them  farther  oft'. 
Hence  alfo  objevfts  appear  fmaller  to  the  eye  when 
feen  from  a  high  building,  than  they  fcem  to  be 
when  viewed  from  the  fame  diftance  on  level 
ground. 

Let  a  boy,  wkn,  has  never  been  upon  any  higl 
building,  gotc  "ue  Monument,  and  loo 

doia 


544    LicTtntu  on  Natural  Philosophy. 

•down  into  the  ftreet,  and  die  objefit  feen  the* 
will  appear  to  him  fo  finall  as  to  occafiob  nrafl 
furprife.  But  loor  20  years  after,  if  helttsnor 
and  then  ufed  himfelf  to  look  from  that  and  octar 
great  heights,  the  objeft  will  not  appear  fo  fiml. 
For  this  reafon  ftatues  placed  upon  ^ery  high 
buildings  ought  to  be  made  of  a  larger  fixe  tm 
thofe  which  are  feen  at  a  nearer  diftance. 

Of  Apparent  Ma^nitudx* 

The  apparent  magnitude  of  very  diftant  ok* 
jeds  is  neither  determined  by  the  angle  unfa 
which  they  are  fern,  nor  in  the  exa&  proportion^ 
that  angle  compared  with  their  true  finance,  bat 
is  compounded  with  a  deception  concerning  dm 
diftance,  infomuch  that,  if  we  had  no  idea  of  tk 
difference  in  the  diftance  of  obje&s,  each  wort 
appear  in  magnitude  proportional  to  the  angle 
under  which  it  is  feen;  and  if  our  apprehennco 
of  the  diftance  was  always  juft,  our  ideas  of  their 
magnitude  would  be  in  all  diftances  unvaried ;  but 
in  proportion  as  we  err  in  our  conception  of  dif- 
tance, the  greater  angle  fuggefts  a  greater  magni- 
tude. It  is  probable,  that  the  apparent  magnitudes 
are  either  exa&ly  or  very  nearly  in  the  compound 
ratio  of  the  vifual  angles  and  apparent  diftances. 

We  are  as  frequently  deceived  in  our  notions 
of  magnitude  as  thofe  of  diftance,  A  fly  (kipping 
before  an  unattentive  fpe&ator,  will  fometimes  ex- 
cite the  idea  of  a  crow  flying  ^far  off;  but  as  fbon 
as  the  miftake  in  the  diftance  is  found,  the  crow 
will  dwindle  into  a  fly.  Thus  alfo,  as  we  have  ob- 
ferved  in  foggy  weather  and  in  the  dufk,  objeds 
appear  further  off  than  they  really  are,  and  in  theft 
cafes  proportionally  larger,  as  there  is  a  greater 
fniftake  in  the  diftance.     Thus  a  fmall  heap  of 

fto«* 
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{tones  has  teen  miftaken  for  the  ruins  of  a  large 
building,  &c. 

The  diminution  of  apparent  magnitude  is  Co 
•very  fmall  in  proportion  to  the  greater  inereafe 
of  diftance,  that  in  general  the  vifual  angles  fub- 
fended  by  objeds  can  have  but  little  fhare  in  form* 
ing  our  judgment  of  their  diftances  ;  and  indeed 
if  the  cafe  was  otherwife,  it  would  be  almoft  im- 
poflible  for  us  to  guefs  aright,  cither  as  to  diftance 
or  magnitude.  For  inftance,  if  we  did  not  judge 
independently  of  the  vifual  angle,  how  could  we 
know  a  child  from  a  grown  perfon,  or  even  a  pin 
from  a  May-pole.  For  the  largeft  object  being 
removed  to  a  greater  diftance  may  fubtend  an 
angle  lefs  than  any  affignablc  one  ;  as  objeds  ge- 
nerally appear  nearer  when  the  intervening  chain 
is  not  perceived  :  and  the  fame  reafon  operates,  as 
already  obferved,  in  making  them  appear  propor- 
tionably  fmaller.  Thus  the  diftance  of  an  objeft 
joined  with  it's  vifible  magnitude,  is  a  fign  of  it's 
real  magnitude  ;  and  the  diftance  of  the  feveral 
parts  of  an  objed  joined  with  it's  vifible  figure, 
becomes  a  fign  of  it's  real  figure. 

When  you  look  at  a  globe  ftanding  before  you, 
by  the  original  powers  of  fight  you  perceive  only 
/bmething  of  a  circular  form,  varioufly  coloured. 
The  vifible  figure  hath  no  diftance  from  the  eye, 
no  convexity,  nor  hath  it  three  dimenfions;  even 
it's  length  and  breadth  are  incapable  of  being 
ineafured  by  inches,  feet,  or  other  linear  meafures. 
But  when  you  have  learned  to  perceive  the  diftance 
of  every  part  of  this  objed  from  the  eye,  this  per- 
ception gives  it  convexity,  and  a  fpherical  figure  ; 
and  adds  a  third  dimenfion  to  that  which  had  but 
two  before.  The  diftance  of  the  whole  objed  ena- 
bles you  alfo  to  Derceive  how  an  inch  or  a  foot  of 
length  affbf  it  that  diftance :  you  pei 

t>y  your  tyt  \  of  the  globe. 
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merous  are   the  relations  bet: ween  the 

wp,   ana   the   understanding,   between    light  and 

owledge,  that  there  are  very  few*  parts  o(  optics 

im  which  you  may  not  deduce   fame  practical 

Advantages,     Thus  the  judgment  of  the  mind  cor* 

*nds  with  the  ftren^th  and  colour  of  the  ob- 

whereon  they  are    paffed  :  but   the   further 

eels  are  removed,  they  grow  more  faint  arid  in- 

and  of  courfe  our  opinions   concern^ 

n  v       L_  '^fs  vivid  r_J  ~:Iear.     Both  pleafura 

ana   mins         l  diftanct        icar  fcaree  worth  our 

w»ai    i«       or  giving  ourii     c$  any   trouble  about 

zm  i       .-  prefent  occupie   our  thoughts,  and  for* 

>!y  carries  away  the  preference  in  our  imagtna* 

<n  from  the  future,  againft  the  cleared  andfureft 

ctfions  of  our  understanding*     To   rectify  this 

imperfection  of  our  nature,  is  worthy  of  your  ut- 

moft  application  ;  and  you  may  ealily  do  it  by  grs» 

dually  muring  the  mental  eye  to  difcern  objedstt 

a  diftance.     It  is  the  qnicknefsof  this  moral  fenfe, 

or  an  habitual  full  perfuafion  of  certain  good  and 

evil,     however    remote,    being    equally    valuable 

with  the  prefent,  that  conititutes   the   virtue  of 

prudence. 

Of  Apparent  Motion. 

If  two  objects  at  different  diftances  from  the 
eye  move  in  parallel  lines,  nearly  at  right  angles 
to  the  optic  axis,  and  with  the  fame  velocity,  the 
^moft  dill  ant  will  ajjpear  to  move  flowed,  and  the 
ncareft  will  appear  to  move  quickeft,  becaufe  the 
fpace  defcribed  by  the  moftdiitant  object  will  fub^ 
tend  a  much  fmaller  angle  to  the  eye. 

If  the  directions  in  which  the  bodies  move  are 
not  parallel,  the  nearrjl  object  may  appear  to  move 
flower  than  the  more  dijLint,  although  it  really 
moves  quicker*  if  the  fpacc  defcribed  be  hum' 
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fo  obliquely  to  the  vifual  rays,  that  they  form  at 
the  eye  much  fmaller  angles,  than  fmaller  fpaces 
defcribed  by  the  more  diftant  objed:,.  which  is  ex- 
pofed  more  direcftly  to  the  eye. 

If  two  objeAs  unequally  diftant  from  the  eye 
move  with  unequal  velocities  in  the  fame  direction, 
their  apparent  velocities  are  in  a  ratio  compounded 
of  the  dircdt  ratio  of  their  true  velocities,  and  the 
reciprocal  one  of  their  diftances  from  the  eye. 

As  objects  in  motion  will  havejiifferent  ap- 
parent velocities  at  different  diftances;  fo  to  a 
fpe&ator  in  motion,  objedts  at  reft  will  have  dif- 
ferent apparent  velocities.  Thus  a  paflenger  in  a 
coach  fees  the  trees  in  the  next  hedge  move  fwiftly 
backwards,  while  thofe  |in  the  field  beyond  move 
flower,  and  thofe  beyond  thefe  ftill  flower,  and  fo 
on,  thofe  that  are  very  remote  being  fcarce  per- 
ceived to  move  at  all.  And  if  a  fpeltator  in  mo- 
xidn  keeps  his  eye  fixed  upon  an  objedt  at  fome 
diftance,  objedts  that  are  pretty  near  to  it  will  ap- 
pear at  reft,  whilft  nearer  objedts  will  appear  to  go 
backwards,  and  more  remote  ones  progreflively 
forward,  the  fame  way  as  the  fpedtator. 

If  two  or  more  obje&s  having  the  fame  appa- 
rent velocity  move  all  the  fame  way,  an  objeti:  at 
reft,  by  which  they  pafs,  may  appear  to  move  the. 
contrary  way,  while  the  objects  in  motion  may  ap- 
pear at  reft :  for  as  their  images  keep  the  fame 
diftance  upon  the  retina,  no-rfiotion  among  them 
can  be  perceived.  If  the  fpe&ator  infeniibly  moves 
his  eye,  fo  as  to  keep  thefe  images  in  the  fame 
place,  the  image  of  the  objeft  at  reft  will  pafs  fuc- 
.  ceflively  over  them,  in  the  fame  manner  as  if  that 
objedt  had  been  in  motion  the  contrary  way.  The 
fame  phenomenon  may  happen,  if  the  iingleobjc<ft 
be  in  motion,  either  the  fame  or  the  contrary  wav  ^ 
only  it's  app  vion  will  be  quicker  or  ilo 

direct  or  ret*  "ng  to  different  circ 

4  ftai 


is  to 
ob- 
nov 
ring 
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Thus  when  the  clouds  move  fucccfTtvcI 
over  tne  noon,  fhc  feems  to  go  with  their  velocity 
the  cor  rary  wsjr,  whether  that  be  call  ward  or 
weftwara. 

From  hence  you  may  fee  how  difficult  it  is  to 
form  a  juft  eft  i  mate  of  the  real  velocities  of  ob 
je&s  from  apparent  ones,  fince  we  ought  to  kno 
both  the  dire&ions  and  diftances  of  the  mov 
cbjefts,  neither  of  which  in  many  cafes  can 

gueflTcd  at  with  tole  r~ul mracj\ 

Bodies  in  m<  :  move  with   a   certain 

degree  of  velocity  in  uiu  :o*become  perceptible. 
Though  it  is  difficult  to  ,  fign  with  accuracy  the 
fpace  that  rnuft  be  paffe  xr  in  a  given  time,  in 
order  to  be  fcnfible;  yet  ii  eneral  we  may  fay  that 
it  fhould  defcribe,  in  a  fc<  d  of  time,  a  fpace  that 
will  form  at  the  eye  an  a,  of  15  or  20  feconds  of 
a  degree.  Hence  we  fee  w  hy  the  heavenly  bodies 
are  not  perceived  to  move,  the  fpaces  defcribed 
by  them  in  a  minute  not  fubtending  an  angle  of 
above  i  degree,  when  their  apparent  motion  u 
greateft-  For  the  fame  reafon  wc  do  not  perceive 
the  motion  of  the  hour,  or  even  the  minute  hand  of 
a  watch.  In  the  fame  manner  a  prodigious  great 
velocity,  as  the  diurnal  motion  of  the  heavenly  bo- 
dies, may  be  yet  too  flow  to  be  perceived  ;  and  an 
object  may  move  with  fo  great  a  velocity  as  not  to 
be  perceived,  as  the  flight  of  a  ball  out  of  a  gun. 

An  objedl  moving  with  great  velocity  is  not 
fecn  unlefs  it  be  very  luminous.  Thus  a  cannon 
ball  is  not  feen,  if  it  be  viewed  tranfvcrely  ;  but  it 
it  be  viewed  according  to  the  line  it  defcribes,  it 
may  be  kcnt  becaufe  it's  picture  continues  long  on 
the  fame  place  of  the  retina,  and  therefore  receives 
a  ftronger  imprelTion. 

As  we  have  all  been  children  before  wc  were 
men,  we  have  all,  I  doubt  not,  at  that  fcafon  amufed 
ourfclves  with  many  childifh   diverOons,   one  oi 

whi 


On  the  Nature  of  Vision.  349 

vihich  you  may  remember  was  burning  a  fmall 
Hick  to  a  live  coal,  and  whilking  it  round  to 
make  gold  lace,  as  we  called  it.  We  little  thought 
then  of  making  experiments  in  philofophy ;  but 
we  may  turn  this  innocent  amufement  to  that 
ufe,  in  our  riper  years,  by  gathering  from  thence, 
that  our  organs  can  continue  fenfation  after  the 
impulfe  of  obje&s  exciting  it  is  over:  for  the  coal 
is  in  one  point  only  at  one  time,  and  can  be  feen 
only  where  it  is ;  yet  there  appears  an  entire  circle 
of  fire,  which  could  not  happen  unlefs  the  light 
coming  from  it,  at  every  point,  put  the  optic 
nerves  into  a  motion  that  lafted  until  the  obje& 
returned  to  the  fame  point  again  ;  nor,  unlefs  this 
motion  raifed  the  fame  perception  in  the  mind 
as  it  did  upon  the  firft  ftriking  of  the  light.  For 
if  the  ftick  be  not  twirled  fwiftly  enough,  fo  that 
it  cannot  make  a  fecond  impreflion  from  the 
fame  point,  before  the  motion  excited  by  the  firft 
be  over,  you  will  not  fee  a  whole  fiery  ring,  but 
a  lucid  fpot  parting  fucceflivcly  through  every  part 
of  the  circle. 

On  the  principles  we  have  laid  down,  are 
explained  what  are  called  fallacies  in  vifion.  They 
depend  principally  on  our  miftaking  the  diftances 
of  objects.  Thus,  parallel  lines,  as  long  villas, 
confiding  of  parallel  rows  of  trees,  feem  to  con-* 
verge  more  and  more  as  they  are  farther  extended 
from  the  eye;  becaufe  the  lines  which  meafure 
their  intervals,  and  which  are  always  equal,  fub- 
tend  fmaller  angles,  the  more  remote  they  are,  and 
fo  appear  perpetually  diminiftiing,  while  we,  at 
the  fame  time,  miftakc  the  diftance.  For  the 
fame  reafon,  the  remote  parts  of  a  horizontal 
walk,  or  a  long  floor*  will  appear  to  afcend 
gradually?  *  f  *  more  remote  the  object" 
that  are  j  ;t\  the  higher  they  wi 
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pear,  till  the  laft  be  fecn  on  a  level  with  the  e 
whereas  the  ceiling  of  a  long  gallery  appears  to 
defcend  towards  a  horizontal  line,  drawn  from  the 
eye  to  a  fpeftator.  And  the  fur  face  of  the  Jaf 
fcen  from  an  eminence,  feems  to  rife  higher 
and  higher,  the  farther  we  look  :  and  the  upward 
parts  of  high  buildings  incline  forwards  over 
the  parts  below ;  fo  that  ftatues  on  the  top  of 
fuch  buildings,  in  order  to  appear  upright,  muft 
recline  or  bend  backwards. 

There  is  another  phenomenon,  however,  not 
Jo  eafily  accounted  for:  if  a  perfon  turns  fit tftlf 
round,  without  changing  his  place,  all  objcSs 
about  will  feem  to  move  round  in  a  contrary  way; 
and  this  deception  continues  not  only  while  the 
perfon  himfelf  moves  round,  but  which  is  more 
lurprifing,  it  continues  alfo  for  feme  time  after 
he  ceafes  to  move ;  u  t\  w  hen  both  the  eye  and 
the  obje<ft  are  at  reft-  The  firft  is  not  fo  difficult 
to  explain,  for  the  motion  of  the  object  on  the 
retina  eaiily  explains  it  :  but  why  it  continues 
when  both  the  eye  and  the  object  are  at  reft, 
has  not  yet  been  well  underftood.  It  appears 
to  me,  that  the  feat  of  fenfe  is  not  altogether 
paflivc  in  receiving  images,  but  potitively  di- 
reds  a  ray  from  icfelf  to  every  objedt  it  per- 
ceives ;  the  attion  and  reaction  between  objc& 
and  the  feat  of  fenfe,  is  wholly  reciprocal.  Hence 
we  fee  objedts,  or  their  image,  after  the  eye  \s 
turned  from  them.  Hence,  alio,  in  a  delirium 
the  objeds  of  the  imagination  receive  a  real  re- 
prefentation  in  the  organs  of  fenfe  :  and  hence  we 
do  not  fee  an  object  the  eye  happens  to  be  fixed 
on,   if  the  attention  be  othcrwife  engaged* 

It  is,  however,  to  be  obferved,  with  refpett 
to  what  wre  call  the  fallacies  invijknt  the  appear- 
ance of  things  to  the  eye  always  correfpogck  to  cjic 

fil  ' 
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fixed  laws  of  nature ;  therefore,  to  focak  properly, 
there  is  no  fallacy  in  ,the  fenfcs.  Nature  always 
fpeaks  the  fame  language,  and  ufes  the  fame  iigns, 
in  the  fame  circumftanccs :  but  we  fomctimes 
miftake  the  meaning  of  the  figns,  either  through 
ignorance  of  the  laws  of  nature,  or  through  ig- 
norance of  the  circumftances  which  attend  the 
figns. 

To  a  man  unacquainted  with  the  principle 
of  optics,  almofl:  every  experiment  that  is  made 
with  the  prifm,  with  the  magic  lanthorn,  with 
the  telefcope  and  the  microfcope,  fecm  to  pro- 
duce fome  fallacy  in  vifion.  Even  the  appearance 
of  a  common  mirror,  to  one  altogether  unac- 
quainted with  the  effedts  of  it,  would  feem  moft 
'remarkably  fallacious :  for  how  can  a  man  be  more 
impofed  upon,  than  in  feeing  that  before  him 
which  is  really  behind  him  ?  How  can  he  be 
more  impofed  upon,  than  in  being  made  to  fee 
himfelf  fcveral  yards  removed  from  himfelf  ?  Yet 
children,  even  before  they  can  fpeak  their  mother- 
tongue,  learn  not  to  be  deceived  by  thefe  appear- 
ances. Thefc,  as  well  as  all  other  furprizing  ap- 
pearances produced  by  optical  glafles,  are  a  part 
of  the  vifual  language;  and  to  thofc  who  under- 
stand the  laws  of  nature  concerning  light  and 
colours,  are  in  no  wife  fallacious,  but  have  a  dif- 
tincfc  and  true  meaning. 

Of  Vision  by  Images. 

The  particular  phenomena  of  vifion,  in  given 
cafes,  by  reflected  and  refra&ed  light,  have  been 
the  principal  fubjed:  of  the  preceding  optical 
Lectures:  but,  on  account  of  their  universality, 
it  will  be  proper  to  make  a  few  more  ohferva- 
tions  on  this  fukWJ- 

Vifion 
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Vifion  of  real  obje&s  feen  direftly,  and  vi- 
rion by  images,  are  both  founded  on  the 
principles  :  that  is,  fimilar  impreffions,  or  the 
fame  kind  of  images  upon  the  retina,  excite  fimilar 
ideas  in  both  cafes.  Confcqucntly,  objeils,  when 
feen  by  refle&ed  or  refradted  rays,  are  fecn  in  the 
places  of  their  laft  images.  If  thefc  images  are  at 
moderate  diftances  before  the  eye,  the  fevers 
cumftances  by  which  we  form  the  ideas  of  the 
apparent  diftances  of  objefts  feen  by  naked  vi- 
fion, are  alfo  taken  into  the  account.  Univerfally, 
every  vilible  point  of  an  object  appears  fome- 
where  in  the  direction  of  the  axis  of  the  pencil 
of  rays  proceeding  from  it  to  the  eye  after  it's 
laft  reflection  or  refraction. 

In  vifion  by  images,  we  are  generally  de- 
prived of  many  circumftances  by  which  we  ufually 
judge  of  diftances  ;  and  this  makes  it  difficult,  in 
moft  cafes,  to  detenu ine  the  place  of  an  image, 
particularly  if  it  be  further  off  than  two  or  three 
yards.  Thefe  difficulties  are  frequently  increafed 
by  fome  peculiarities  appertaining  to  the  images 
which  we  are  not  accuftorned  to,  and  for  which 
we  are  at  a  lofs  to  make  the  proper  allowances. 
But  when  the  image  is  within  the  above-mentioned 
limits,  we  can,  in  moft  cafes,  determine  it's  place 
with  fufficient  accuracy:  and  here,  as  well  as  in 
naked  vifion*  the  nearer  we  can  determine  the 
place  from  whence  the  rays  converge  to  the  eye, 
the  more  diftinft  will  the  image  appear. 

The  apparent  magnitudes  of  objeds,  feen  by 
reflection  or  refraftion,  are  either  accurately,  or 
very  nearly,  as  the  reft  angles  under  the  vifual  angles 
and  apparent  diftances  of  their  laft  images.  In  all 
cafes,  the  apparent  place,  pofition,  and  figure  of 
an  object  i\.i:n  by  refraifted  or  reflected  light,  aft 
as  thofe  of  it's  laft  image.  For  the  rays  proceed* 
ing  from  the  image  to  the  eye,  form  a  fucctflion 
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of  phyfical  points  after  the  fame  manner  as  if 
they  came  from  a  real  objed,  and  therefore  ex- 
cite an  idea  of  an  object  equal  and  fimilar  to  the 
image. 

Hence,  as  you  have  fecn,  in  vifion  by  images, 
ire  are  liable  to  many  deceptions,  fome  of  which 
ire  entertaining,  as  well  as  furprifing;  for  not  only 
Jie  place  of  an  image,  but  very  often  it's  pofition> 
magnitude,  and  even  figure,  fhall  be  quite  different 
from  the  real  objeft. 

Of  Vision  by  Images.* 

As  this  is  a  fubjedt  of  the  grcateft  importance 
n  optics,  it  will  be  worth  while  to  coniider  it 
vhen  dated  in  different  words,  with  fome  addi- 
ional  circumftances. 

When  the  rays  in  a  pencil  diverge  from  a 
xrint,  and  either  by  reflection  or  rcfraclion  are 
>rought  all  together  again,  they  then  form  a  lu- 
ninous  point  correfponding  to  that  from  which 
hey  diverged. 

-  By  this  means  a  new  vifible  objedt  is  formed, 
railed  the  image  of  the  other ;  for  the  eye  now 
cceives  the  rays  as  coming  from  this  latter  point, 
ind  therefore  judges  the  former  point  to  be  in 
he  place  of  the  hitter ;  and  as  this  is  true  for 
ivery  point  of  any  objeit,  every  object  may  thus 
lAually  be  formed  a-new,  fo  far  as  regards  our 
rijible  ideas.  And  the  rays  diverging  to  the  eye 
rom  the  image  thus  formed,  in  the  fame  manner 
is  if  they  came  dire&ly  from  the  objedt,  excite 
in  idea  of  that  image,  or  of  an  objedl  fimilar 
:o  it. 

Now,  if  the  pencils  of  rays,   whkh  diverge 

rom  all  points  of  an  object,  be  again  refpcQively 

:olledted  at  the  fame  diftances,    they   then   form 

1  new  vifible  object   equal  to  that  from  whence 

Vol.  II.  A  a  .     they 

*  Vincr'aFI  *f  Lcfturcs,  \+%\% 
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flhev  I    wed  :  but  if  the  points  of  this  new  objei 
c  the   image,    correfponding  to  thofe  of  tl 

ori         I  objeft,  be   at   a  greater  or  lefs  diftn 
ihtj  iorm  a  new  vifibk  objcA  greater  or  lefs 
the  original   one.     Thus,  therefore,  we   arc 
to  form  a  new    vijihle   obje<ft,    very   near  w 
exactly  limilar  to  an  objeft   at  a   great  diffaix 
I  call  this  a  vi/i&Ie  objeft,  becaufe  at   the  pb 
where  it  is  formed  there  is  nothing  to  excite  co 
refponding  tangible  ideas,  as  in   the  objeifi  fre 
whence  the  rays  firft  flowed.     But  in  refped 
our  vifible  ideas,  which   we  are  here  only  ceo 
dering,  it  is  as  much  an  objedt  as  the  other  i  I 
eye  may,  therefore,  be  fo   Ikuated,  in  refped 
this  new  objed,  that  it   may  appear  much  nan 
than  the  original  objedt;  every  objed:  appcaxa 
greater,  the  nearer  it  is  to  the  eye. 

Now,  with  refpeft  to  the  Srigbfntft  of  t 
new  vifible  object,  we  are  to  coniider  that  wte 
the  eye  looks  dircftly  at  any  object,  it  receives  i 
more  rays   from  any  one  point,  than  what  <M 
direftly  enter  the  pupil:  but,  when  an   image 
formed  by  a  lens,  for  inftance,  all  the  rays  W 
any  one  point  of  the  object  nhich  falls  upend 
Jem  arc  collected  together,  and   form  a  point  c 
the  image.     Now  if  the  diameter  of  the  pupil* 
the  eye  =<m  inchj  and  the  diameter  of  the  lew  k 
5  inches,  their  areas  will  be  as   o.oi  to  2jH 
is  I,  to   2sQQi  there  are,  therefore,  ceteris fd 
imsi  2500  times  as  many  rays  collected-  to  fa 
every  point  of  the  image  by  the  lens,  as 
the  eye,  and    form  the  image,  fuppollng  all 
rays  to  be  refraded.      Now,   although  the 
diverge    from  every  point  of  this  image,  fc 
by  the  lens,  and  therefore  where  the  eye  is  " 
it  may   not   receive  them  all,  yet,  bcii 
near  to  it,  it  will  receive  a  very  cor 
*nd  more  in  proportion  as  it  is 
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Hence  the  number  of  rays  which  the  eye 
:eives  from*  any  point  of  this  image,  may  be 
eater  than  that  which  it  receives  directly  from 
e  objed ;  and  thus  the  image  may  be  brighter 
111  the  objed:.  Thefe  are  fome  of  the  reafons 
ly  any  diftant  objed  may  be  made  to  appear 
ger  and  brighter :  and  the  common  expreflion, 
It  the  objed  is  brought  nearer)  is  not  incorred  f 
r  the  vifible  objed  is  adually  nearer,  but  not 
ing  accompanied  with  any  tangible  ideas,  we 
II  it  an  image  of  the  other ;  whereas  it  is  a  vi- 
le objed  formed  by  the  fame  rays  as  the  ori- 
ital  vifiblc  objed.  Looking,  therefore,  at  the 
Sble  objed  thus  formed,  we  get  an  idea  of  the 
iginal  vifible  objed,  feen  under  the  fame  angle* 
d  from  thence,  by  aflbciation,  we  conclude* 
lat  are  the  correfponding  tangible  ideas. 

I  fhall  conclude  this  Ledure  on  vifion,  with 
me  more  refledions  on  the  eye.  They  are  ex- 
ifted  from  a  fermon  of  Mr.  Newlin's. 

Light  is  truly  pleafing  in  it's  own  natural 
nplicity,  and  is  the  ornament  and  glory  of  every 
her  objed.  But  the  eye  receives  it  always  with 
frelh  and  increafing  pleafure,  as  it  is  varied 
d  diverfificd,  by  putting  on  fo  many  forts  of 
lours,  like  fo  many  changes  of  raiment. 

Every  time  that  the  eye  opens  and  expands 

elf,  it  draws  as  it  were  the  whole  vifible  world 

o  it's  own  narrow  compafs  ;  and  there  is  a  new 

Nation  within  itfelf.     The  fun,  that  marvellous 

Wument  of  the  Moft  High  ;  the  moon,  that  fhineth 

the  firmament  of  heaven  ;  the  ftars,  that  number- 

r  boft :  the  rainbow,  that  glorious  circle,  which 

\ent  by  the  hands  of  the  Moft  High  :  the  virgin 

rity  and  unfullied  whitenefs  of  the  fnow;  the 

*iil  +r  '      •  '-ry  of  flowers  ;   the  rich  cloath- 

*he  cattl*  ufinn  a  thou  [and 

Lord  our 
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Maker,    and    fct    before    it,  as   on    a    fpaciou 
theatre. 

The  great  fource  of  light,  which  (hews  ever 
thing  to  the  eye,  calls  forth-  fo  bright  and  daz« 
zling  a  luftre,  that  it  would  bear  too  hard  upor 
it,  and  injure  our  vifual  faculty,  if  it  were  placcc 
too  near  the  fight ;  but  it  is  fixed  at  fo  remote 
a  difiance  from  us,  that  we  look  upon  it  with 
pleafure,  and  enjoy  it's  glory. 

When  the  eye  is  wearied  with  it's  daily  fcr- 
vice,  and  the  night  fpreads  a  veil  of  darknefs  over 
this  lower  world,  the  curtain  that  is  hung  before 
the  eye  falls  down,  and  the  eye-lids  arc  fhut  with 
a  clofe  feal,  till  we  have  renewed  our  ftrcngtb, 
and  the  morning  reftores  the  world  to  our  view: 
the  eye-lid  not  only  affording  refreflimcnt  and 
eafe  to  the  eye,  but  defending  it  from  the  fecret 
perils  and  invisible  dangers  of  the  night. 

And  when  day  breaks,  it  docs  not  (hine  forth 
at  once,  in  full  perfection,  but  gradually  manifdls 
itfelf,  that  the  eye  may  not  be  overpowered,  bv 
a  fudden  Hilling  out,  and  too  mighty  a  ftream  ol 
light.  The  fun  fends  a  harbinger  before  him,  to 
give  notice  of  his  appearance,  that  the  dawning 
of  the  day  ma)    prepare  us  to  receive  him. 

Though  every  colour  has  a  peculiar  beauty, 
yet  they  are  not  all  equally  agreeable  and  refrefn- 
ing  to  the  eye  :  but  the  wrdurc  of  the  fields  is 
moil  particularly  pleating  to  it,  and  we  can  bear 
to  dwell  the  longeft  upon  it :  (ior  has  appointed}* 
for  the  common  dreis  of  nature,  and  mad*-  &* 
colour  the  moll*  familiar  to  our  light.  He  <.'.-' 
us  tbrvugb  //■«■  :>i<'t".'  f-jiinrc:9  and  ;ulorns  the  herb* 
and  plants  with  many  \arieties,  c\en  in  the  fontf 
colour,  and  changes  iL  every  da\ . 

Time  would  fail  nn-  even  in  attemptirg  to 
defcribe  all  the  plcafures  and  advantage*  of  ug^ 
I  cannot,   however,  leave  the  iubject  without  otf 

or 
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•  two  obfcrvations.  The  eyes  are  a  faithful  guard 
>  the  whole  man,  and  are  placed  as  in  a  friendly 
atch-tower,  to  difcern  his  danger,  and  give  him 
iendly  warning,  while  it  is  yet  afar  off. 

The  eye  is  iriftrumental  in  promoting  the 
ippinefs  of  converfation.  It  is  the  eye  that 
tcets  our  friend  with  joy,  and  kindles  and  im- 
uts  the  heavenly  flame  of  friendlhip.  It  is  the 
re  that  -pities,  and  fparcs,  and  yearns  over  the 
iferable  objed,  with  generous  companion.  It 
as  with  the  eye  that  our  Saviour  reproved  St. 
eter.  '  O  Lord,  how  marvellous  are  thy  works  !  in 
ydom  haft  thou  made  them  all !  The  eye  that  fees* 
ives  witnefs  of  thee;  and  the  ear  that  hears, 
>n firms  it's  teftimony. 
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LECTURE    XDC 

Of  Colours. 

fO  philofophieal  fubjeA   is   more  worth;  rf 

your  attention  than  light ;  it  ii  the  menu  bf 

the  beauties  and  glories  of  the  cradit  L  c 
we  k  view  :        ;h  fomc  of  it's  cunott  ^  j 

proov       s  y^u      s  w       .    juainted;  a  newfcdiJ^ 
will  now  rife  Lwbre  yc      equally  admirable  with 
(hole  that  have  preceded, 

1  have  hitherto  coofidered  light  as  a  bod?  uu- 
compounded,  and  of  parts  refembling  each  other;  ; 
but  we  are  going  to  examine  it's  texture  mora 
clofely*  You  will  now  fee  that  this  fluid,  fofimpte 
in  appearance,  is  made  up  of  very  different  parti* 
clcs  ;  that  it  iscompofed  of  very  different  coloured 
tints  ;  and  that  from  the  nature  of  this  compofmoA 
arifesthat  charming  variety  of  fhades  which  paints 
the  face  ol  nature* 

Whatever  pleafures  we  derive  from  the  beautj 
of  colouring,   we   owe   it   to  the   different  up 
of  light*  each  objed  fending  back  to  our  eyes  thofe 
rays,  which  it* s J t$rf act  isbeft  adapted  to  reflect:  ffi 
this  fenfe  the  bluftiing  beauties  of  the  rofc,  and  the 
iin*d<-fl  blue  of   the  violet,  may  be  considered  a 
not  in  i he  objects  themfelvcs,  but  in  the  light  that 
adom*   ihvm,      (\1our,   foftnefs,   and    beauty  of 
ttguie,  aie  thcirfnvni  but  it  is  light  which  dreffes 
tluiu  up  in  thofr  robes  which  fhame  the  monarch's 
gtarj 

Natural  philo(bphera  were  formerly  of  opinion, 
that  the  folar  light  was  fimple  and  uniform,  with 
OM  any  diilcrencc  or  variety  in  it's  parts,  and  r 
the  different  colours  of  objefls  were  made  by  n 
J  jon,  reflexion,  or  Shadows.     But  News 
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1  the  errors  of  their  former  opinions ;  he  {hewed 
1  to  diffed  a  lingle  ray  of  light  with  the  mi- 
ll precifioto,  and  demonftrated  that  every  ray 
tfelf  a  compofition  of  feveral  rays  all  of  differ- 
olours,  each  of  which  when  feparate  held  to  it'a 
nature,  fimple  and  unchanged  by  every  expe- 
nt  that  couM  be  tried  upon  it.  Or  to  be  more 
cuiar,  light  is  iU>t  all  fimilar  and  homogenial* 
compounded  of  heterogenial  and  diflimilar 
fome  of  which,  in  like  inftances  being  more 
ntgible,  and  others  lefs  refrangible,  and  thofe 
h  are  moft  refrangible  are  alio  moft  reftexu 
and  according  as  they  differ  in  refrangibility 
eflexibility,  they  are  endowed  with  the  power 
citing  in  us  fenfations  of  different  colours. 
Newton's  theory  of  light  and  colours  is 
ng  and  beautiful  in  itfelf,  and  deduced  from 
and  decifivc  experiments,  and  may  be  almoft 
:o  demonftrate  clearly,  ift,  That  lights  which 
•  in  colour,  differ  alfo  in  degrees  of  refrangi- 
. 

td,  That  the  light  of  the  fun,  notwithftanding 
niform  appearance,  confifts  of  rays  differently 
igible. 

|d,  That  thofe  rays  which  are  more  refrangible 
others,  are  alfo  more  reflexible. 
j.th,  That  as  the  rays  of  light  differ  in  de» 
of  refrangibility  and  reflexibility,  fo  they 
iffcr  in  their  difpofitionto  exhibit  this  or  that 
:ulaf  colour;  and  that  colours  are  not^ualifi- 
is  of  light  derived  from  refradliohs  or  reflec- 
of  natural  bodies,  as  was  generally  believed, 
riginal  and  connate  properties,  which  are  dif- 
t  in  different  rays,  fome  rays  being  difpofed 
libit  a  red  colour  and  no  other,  and  fome  a 
and  no  other,  and  fo  of  the  reft  of  the  1 
r  colours. 

Jtbi  That  r!ii»  lifirht  of  the  fun  confifts  of  1 

tnai 
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Of  t  makings  kfoe  making,  green  rrak 

t,       r  ticking,  vraxge  making,  and  red  ma[ 

rays,  and  ill  of  thefe  arc  different  in  their  dc- 

*<*3  of  rcfrangibility  and  reflexibiliry  j  for  ihc 

s  which  produce  red  colours  are   the   Icaft  re- 

aeiblc,  and  thofe  that  make  the  violet  the  moft; 

the  reft     re  more  or  lefs  refrangible  as  they 

t»ch  e      erot  thefe  extremes,  in  the  order  al- 

f  mentioned  :  that  is,  orange  is  lea  ft  refrangi- 

ueat  to  red,  \  >  orange,  and  fo  on ; 

that  to  the  (       *  u  rcfrangibility  there 

rr  belongs  th*       ne  **»  ind  to  the  fameco- 

.-4ir  the  fame  degree  i       .         ribility. 

6th,  Even-  homogeniai  rai    confidcred  apart,  is 
framed  according  to  one  :    d  the  fame  rule,  fa 
it  it's  fine  of  incidence  is  tu  it's  fine  of  refraction 
a  given  ratio  ;  that        every  different  coloured 
l  has  a  different  ratic  ;ing  to  it. 

7th,  The  fpecics  of  tuium ,  and  degree  of  refran- 
gibility  and  reflcxibility,  proper  to  any  particular 
fort  of  rays,  is  not  mutable  by  reflection  or  refrac- 
tion from  natural  bodies,  nor  by  any  other  caufc 
that  has  been  yet  obferved.  When  any  one  kind 
of  rays  has  been  fepanited  from  thofe  of  other 
kinds,  it  has  obftinately  retained  it's  colours,  not- 
withstanding all  endeavours  to  bring  about  a 
change, 

8th,  Yet  feeming  t  ran  fmu  tat  ions  of  colours  may 
be  made,  where  there  is  any  mixture  of  divers  fort* 
of  rays  ;  ior,  in  fuch  mixtures,  the  component  co- 
lours appear  not,  but  by  their  mutually  alloying 
each  other,  conftitute  an  intermediate  colour. 

9thf  There  are  therefore  two  forts  of  colour,  the 
one  original  and  iimple,  the  other  compounded  of 
thefe ;  and  all  the  colours  in  the  univerfe  are 
eitner  the  colours  of  homogeniai,  Iimple  light, 
pr  compounded  of  thefe  mixed  together  in  certaii 
proportions.     The  colours  of  fimple  light  arr 
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we  obferved  before,  violet,  indigo,  blue,  green, 
yellow,  orange,  and  red,  together  with  an  indefinite 
variety  of  intermediate  gradations.  The  colours 
of  compounded  light  arc  differently  compounded 
of  thefc  fimple  rays,  mixed  in  various  proportions: 
thus  a  mixture  of  yellow-making  and  blue-making 
rays  exhibit  a  green  colour,  and  a  mixture  of  red 
and  yellow  makes  an  orange ;  and  in  any  colour 
the  fame  in  fpecie  with  the  primary  ones,  may  be 
produced  by  the  compofition  of  the  two  colours 
next  adjacent  in  the  feries  of  colours  generated  by 
the  prifm,  whereof  the  one  is  next  moft  refrangi- 
ble, and  the  other  next  leafl  refrangible.  But  this 
is  not  the  cafe  with  thofe  which  are  lituatcd  at  too 
great  a  diftance ;  orange  and  indigo  do  not  pro-* 
duce  the  intermediate  green,  nor  fcarlet  and  green 
the  intermediate  yellow. 

10th,  The  moft  furprifingand  wonderful  com- 
pofition of  light,  is  that  of  wbitenefs  ;  there  is  no 
one  fort  of  rays  which  can  alone  exhibit  the  co- 
lour, it  is  ever  compounded,  and  to  it's  compo- 
fition  all  the  aforefaid  primary  colours  are  requi- 
site, 

nth,  As  wbitene/s  is  produced  by  a  copious 
reflection  of  rays  of  all  forts  of  colours,  when  there 
is  a  due  proportion  in  the  mixture  ;  fo  on  the  con- 
trary, blacknefs  is  produced  by  a  fuffocation  and 
abforption  of  the  incident  light,  which  being  flop- 
ped and  fuppreffed  in  the  black  body,  is  not  re- 
flected outward,  but  reflected  and  refracted  within 
the  body  till  it  be  ftifled  and  loll. 

Having  thus  endeavoured  to  give  you  a  general 
idea  of  the  theory  of  colours,  I  ihall  proceed  to  ex- 
plain the  fubjedt  more  fully,  illultrating  it  by  the 
experiments  fo  admirably  devifed  by  Newton. 
The  fun  fhines  favourably  for  our  purpofe,  we  will 
therefore  go   into  the  dark  room;  I  ha^ 
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you  fee,   particularly  careful  to  exclude  all  light 
from  the  room,  but  what  enters  through  the  tube 
I  have  fixed  in  the  window-fhutters.     I  admit  a 
beam  of  light  through  a  hole  in  this  tube  of  about 
i  of  an  inch  diameter,  the  beam  darts  through  the 
hole,  and  forms  on  the  floor  an  image  of  the  fun 
nearly  circular,     I  now  place  my  glafs  prifm  fo  a? 
to  receive  the  beam  of  light,  and  you  obferve  how1 
beautifully  that  beam  is  refra&ed  into  different  €©• 
toured  rays.     The  cylindric  beam  of  light  pafTes 
Into  the  prifm,  is  there  dilated,  and  by  refraction 
thrown   into  an  oblong  form,  exhibiting  on  the 
oppoilte  fide  of  the  room  an  amazing  Ipe&rum  of 
colours.     The  prifm   is  triangular  at    each  end, 
about  6  inches  long,  and  is  poliftied  on  the  three 
fides.     1  have  placed  it  parallel  ro  the   horizon, 
with  it's  axis  perpendicular  to  the  beam  of  light. 
Chi  turning  the  prifm  flowly  about   it*s  axis,  you 
fee  that  the  rcf rafted  light  on  the  wall,  or  the  co- 
loured image  of  the  fun,  firft  defcends,  and  then  af- 
cends  ;  between  the  afcent  and  defcent,  that  is, 
where  the  image  is  ftationary,  the  prifm  is  to  be 
fixed,  becaufe  in  that  fituation  the  refra&ions  of 
the  lfght  on  the  two  fides  are  equal  to  one  another. 

Whenever  you  would  have  the  refractions  on 
both  fides  of  the  prifm  to  be  equal,  you  muft  note 
the  place  on  the  wall  where  the  image  ftands  ftill, 
or  the  mean  point  between  two  contrary  motions, 
and  there  fix  the  prifm.  I  fhall  make  all  the  fol- 
lowing experiments  with  the  prifm  in  this  fitua- 
tion, unlefs  fome  other  pfcfition  be  mentioned. 

Thcrefra&ed  light  falls  perpendicularly  upon 
^  <heet  of  white  paper,  placed  on  the  oppofite  wall 
*Nf  the  chamber,  where  an  oblong  (not  an  oval) 
ittu«;v  of  the  folar  fpot  ft  formed  ;  it  is  terminated 
bv  t\Vo  rectilineal  and  parallel  fides,  and  two  fe- 
mi  circular  ends  ;  the  fides  arc  better  defined  than 
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the  ends,  which  arc  confufed  and  indiftinft,  be- 
caufe  the  light  at  the  ends  decays  and  vanifhes  by 
degrees. 

The  lower  extremity  is  red,  above  this  is 
placed  the  orange,  afterwards  the  ye/low,  then  the 
green,  the  Hue,  the  indigo,  and  laftly  the  violet, 
which  is  placed  in  the  upper  part  of  the  image. 
■  There  are, you  fee,  innumerable  gradations  conne&» 
ing  and  uniting  the  primary  ones,  each  colour  gra- 
dually degenerating  as  it  were  into  the  fuccceding 
one.  You  will  not  always  be  able  to  diftinguifh 
clearly  the  whole  feven  colours,  as  it  requires  a 
very  excellent  prifm,  and  great  attention  and  accu- 
racy in  performing  the  experiment,  to  prevent 
fome  of  thofe  which  moft  nearly  refemble  each 
other,  from  being  confounded  together  :  you  will, 
however,  fcarce  ever  fail  in  feeing  five  diftindly 
marked,  the  lower  red  gradually  declining  into  a 
yellow,  the  yellow  fucceeded  by  an  interne  green, 
above  this  a  bright  and  lovely  blue,  and  then  a  foft 
but  glorious  mazarine  or  violet  colour. 

The  breadth  of  the  fpedtrum  anfwers  to  the 
breadth  of  the  fun's  circular  image.  If  the  prifm 
had  a  fmallcr  angle,  the  length  of  the  image  would 
be  lefs.  If  I  turn  the  prifm  fo  that  the  rays  emerge 
more  obliquely,  the  image  foon  becomes  an  inch 
or  two  longer  ;  but  if  I  turn  it  about  the  contrary 
way,  fo  as  to  make  tfie  rays  fall  more  obliquely  on 
the  fide  neareft  the  hole,  it  foon  becomes  an  inch 
or  two  (hortcr :  therefore  in  repeating  this  expe- 
riment, you  (hould  be  careful  fo  to  place  the  prifm 
that  the  rcfradtion  on  both  fides  may  be  alike. 

This  experiment  is  rcprefentcd  fig.  9,  pi.  6. 
T  the  tube  through  which  the  beam  of  light  enters 
the  room,  proceeding  in  the  direction  To  I,  but 
js  turned  out  of  this  direftion  by  a  n-:r-~  SPD, 
whofe  axis  is  perpendicular  to  the  1  >y  this 

fhe  rays  of  light  are  refraded  fo  as  .  co- 
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loured  fpe&rym  M  N  upon  the  fcrcen  K  L.  The 
mod  refrangible  rays  being  thrown  to  M  furtheft 
from  I,  but  the  lcaft  refrangible  being  turned  lefs 
out  of  their  courfe,  fall  upon  a  part  of  the  fcreen  N, 
and  ncareft  I,  while  thofe  that  are  refrangible  in 
the  intermediate  degrees  will  fall  between  MandN, 
forming,  inftead  of  a  circular  fpace,  a  long  fpec- 
trum  bounded  by  right  lined  fides  and  circulai 
ends,  and  whofe  length  is  at  right  angles  to  the  di- 
rection of  the  axis  of  the  prifm. 

The  fize  of  the  hole  in  the  window-ftiuttcr, 
the  different  thicknefs  of  the  prifm  through  which 
the  rayspafs,  the  different  inclinations  of  the  prifm 
to  the  horizon,  and  the  various  altitudes  of  the  fun, 
make  no  fenfible  change  in  the  length  of  the 
image,  nor  is  it  affected  by  the  different  matter  of 
which  the  prifm  is  formed.  With  a  prifm,  whofe 
refradting  angle  is  62  £  at  1 8  y  feet  from  the  prifm, 
the  length  of  the  image  is  about  9^  or  10  inches/ 

If  the  rays  wrre  equally  refrangible,  that  is, 
equally  inclined  to  the  furface  of  the  prifm  in  the 
ingrefs  and  egrefs,  their  diretlion  zvou/J  be  only 
changed ;  the  image  ivould  be  a  circle,  which  will 
appear  fufficiently  clear  by  your  confidering  thefe 
diagrams.  Let  A  B  C,fig.  8,  pi.  6,  be  a  fe&ion  of  a 
triangular  prifm  at  right  angles  to  it's  axis.  Sup- 
pofe  J  N  to  be  a  ray  incident  at  N,  and  thence  re- 
fracted at  E  on  the  furface  C  B,  where  it  is  again 
refraded  into  the  fituation  EM.  Let  in  be  ano- 
ther ray,  parallel  to  the  former,  and  confequently 
incident  at //  with  the  fame  angle. 

Now  if  the  ray  /  ;/  have  exadlly  the  fame  ca- 
pability or  difpofuion  to  be  refradlcd  by  the  prifm, 
as  the  ray  J  N,  the  angles  of  refraction  will  bcalfo 

equal, 

*  As  the  light  of  the  fun  is  not  always  to  be  obtained,  I  have 
prepared  a  fmall  model  with  coloured  (ilk  firings,  to  (View  the 
nature  and  proportion  of  the  coloured  rays  iffuing  from  4 
prifm. 
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equal,  and  i  n  will,  when  refraded  into  the  direc- 
tions ne  and  me,  ftill  continue  parallel  to  the 
ray  JN,  which  is  refracted  into  N  E  and  EM. 

But  if  it  be  more  refrangible,  it  will  be  re- 
fracted into  other  directions,  as  nf,  and  fg,  verg- 
ing more  towards  the  bafe  AC;  or  if  it  be  lefs  re- 
frangible, it  will  be  refraded  into  directions,  as 
nh,  and  hk,  that  verge  lefs  towards  the  bafe 
AC. 

Whence  it  appears,  that  if  a  colle6iion  or 
pencil  of  rays  fall  parallel  to  each  other  on  one  of 
the  fides  of  a  prifm,  and  do  not  proceed  parallel  to 
each  other  on  their  emergence,  it  muft  be  becaufe 
fome  of  the  rays  are  more  refrangible  than 
others. 

The  preceding  experiment  therefore  with  the 
prifm  proves,  that  the  fun's  li°bt  is  compofed  .of 
rays  uchofe  refraugibiUlies  are  not  all  the  fame ;  for 
after  emerging  from  the  prifm,  inftcad  of  illumi- 
nating a  circular  fpace,  they  are  fpread  into  a  long 
fpedrum,  bounded  by  right-lined  iides,  and  circu- 
lar ends,  and  whofe  length  is  at  right  angles  to  the 
axis  of  the  prifm. 

Turn  the  prifm,  which  is.fo  placed  that  the 
axis  is  perpendicular  to  the  beam  of  light,  that  the 
image  may  be  fiationary,  and  there  iix  it ;  this 
being  done,  look  through  the  prifm  at  the  hole,  the  - 
length  of  the  image  will  appear  to  be  many  times 
greater  than  the  breadth  ;  the  molt  refraded  part 
being  violet,  and  the  lcait  refraded  red ;  the  mid- 
dle parts  blue,  green,  yellow,  in  order. 

Now  remove  the  prifm  out  of  the  fun-beam, 
and  look  through  it  at  the  hole,  and  you  will  have 
the  fame  appearance  ;  if  alt  the  rays  were  equally 
refraded,  the  hole  would  appear  round  when  re- 
fraded througli  the  prifm.  This  therefore,  *'* 
the  preceding  experiment,  proves  that  at 
incidences  there    is  a  coniidexable  inequal 

rctr 
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rtfra&ion.  Befides  the  different  refrangibility 
the  foregoing  experiments  (hew  alfo  another  re- 
markable difference  between  the  rays;  namely, 
that  the  different  refrangibility  of'  the  rays  is  joined 
with  a  difference  in  colour  %  and  all  the  rays,  as  they 
are  more  or  lefs  bent  by  ref raff  ion,  have  a  colour  pe- 
culiar to  themfelves. 

To  render  this  fubjeft  clearer,  and  to  fhew 
that  thefe  appearances  are  not  accidental,  but  in- 
herent properties  of  light,  Sir  I.  Newton  tried  what 
would  be  the  effedt  of  refra&ing  the  rays  of  light 
a  fecond  time :  for  this  purpofe  he  let  the  light 
refrafted  by  the  firft  prifm  fall  upon  a  fecond 
prifm,  placed  at  about  one  foot  from  the  firft :  the 
firft  prifm  was  in  an  horizontal,  the  fecond  in  a 
vertical  fituation.  An  image  was  formed  by  the 
fecond  prifm,  fimilar  both  in  the  arrangement  of 
colours,  and  it's  dimenfions  to  that  in  the  firft  cr« 
periment,  with  this  only  difference,  that  it  was  not 
now  in  a  vertical,  but  in  an  inclined  pofition.  Now 
iftheeffedts  were  onfy  caufed  by  a  modification 
of  light  produced  by  the  prifm,  the  fecond  ought 
to  form  in  breadth  the  image  that  the  former  made 
in  length,  and  thus  produce  a  fquare  fpeftrum, 
which  is  contrary  to  the  fad.  The  inclination  of 
the  fpe&rum  is  folcly  occafioned  by  the  unequal 
refrangibility;  thofe  rays  that  were  moft  bent  by  the 
firft  prifm,  be  ing  alfo  by  the  fecond ;  the  upper 
part  in  both  prifms  fuffering  a  greater  refra&ion, 
and  the  lower  part  a  lefs  refradlion;  like  wife,  as 
before,  the  upper  part  appears  violet,  and  the  lower 
part  red. 

At  fig.  10,  pi.  6,  is  a  diagram  to  illuftrate  this 
experiment.  A  B  reprefents  the  fecond  prifm  in 
a  vertical  diredion,  that  it  may  again  refract  the 
rays  which  come  from  the  firft.  By  the  firft 
prifm  the  rays  are  refracted  upwards,  by  the  fe- 
cond fideways ;  by  the  firft  it  is  refraded  to  m  nt 
4  while 
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while  MN  is  the  image  formed  by  the  re- 
fraction  of  the  two  crofs  prifms.  The  breadth 
of  the  image  .is  not  increafed,  the  upper  part  fuf- 
fers  a  greater  refraction,  and  the  lower  a  lefs  one 
iH  both  prifms. 

If  a  third,  and  even  a  fourth  prifm,  be  placed 
in  the  fame  manner  after  the  fecond,  the  refult  will 
be  the  fame ;  and  the  molt  refrangible  rays  will 
(till  be  molt  refradted,  and  the  lead  the  leaft  re- 
Cradled,  whilft  their  colours  remain  unchanged. 

Let  us  now  proceed  to  another  experiment. 
Here,  as  in  theiirft,  the  light  is  tranfmitted  through 
a  prifm,  but  the  coloured  image  is  received  on  a 
Careen  which  I  have  placed  in  the  middle  of  the 
room;  there  is  a  hole  in  the  fcreen,  through  which 
the  rays  of  any  fingie  colour  may  be  fuffered  t* 
pafs  alone,  by  railing  or  lowering  the  fcreen* 
Thus  for  inftance,  I  place  the  hole  againft  the  blue 
part  of  the  image,  fo  that  none  but  the  blue  rays 
go  through  it;  thefe  are  again  refradted  by  a 
prifm :  now  you  fee  that  the  blue  rays,  after  having 
palled  through  the  prifm,  continue  the  fame  as  be- 
fore, without  any  manner  of  alteration,  forming  a 
blue  image  on  the  oppofite  fide  of  the  wall,  and  the 
figure  of  this  image  is  circular.  The  diredtion  of 
the  beam  is  altered,  but  the  rays  arc  not  dilated  or 
feparated  into  different  forts,  as  the  common  beam 
of  light  was  by  the  firft  prifm.  I  now  move  the 
fcreen  to  the  yellow  rays,  and  you  obferve  that 
thefe  rays  falling  on  the  fecond  prifm  are  refradted 
to  the  fide  of  the  room,  and  there  form  only  a  yel- 
low fpot,  and  the  fame  with  the  reft  of  the  colours; 
fo  that  none  of  thefe  colours  are  changed  by  re- 
fradtiort.  Further,  if  you  place  any  fmall  bodies 
in  thefe  circular  images,  they  will  appear  of  the 
iame  colour  with  the  image,  red  in  the  red  light, 
green  in  the  green  light,  &c.  fo  that  the  colours 
c  m  ways  changed  by  reflection.    Again,  if  3 
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k  at  any  of  thefe  fpots  through  a  prifm,  they 
I  preferve  their  colour,  and  are  not  expanded  or 

cd  in  length  ;  (o  that  botmgenial  light  fuffei 
no  manner  of  alteration  in  any  cafe. 

In  all   the  trials  that  have  been  made,  it  a; 
pears,  that  thofe  rays  which  arc  moft  refracted 
firft,  are  always  molt  re f rafted  ;  and  thofe  that  art 
leaft  at   firft,  are  always  leaft  afterwards.     It 
therefore  plain,  that  every  ray  of  light  has  a  peatli 
degree  of  refrangibilit*1    n      *h  cannot  Ae  cban^ 
any  reflections  or  reft  >    but  remains  conjl 

and  invariably  the  fame. 

The  different  rcfran  bility  of  the  rays  of 
light  is  a  caufe  of  confuiio"  in  bodies  fcen  through 
a  refracting  mediuin  ;  for  l  s  will  occafion  the  dif- 
ferent rays  flowing  from  the  fame  point,  to  be 
fradted  to  different  points  on  the  retina.  Thus, 
all  obje«5ts,  placed  in  a  fun-beam,  and  viewed 
through  a  prifm,  will  be  fcen  but  confufedly  ;  but 
if  they  are  placed  in  a  beam  of  homogeneous  fight, 
leparatcd  by  a  prifm,  they  will  appear  as  diftintf 
through  a  prifm  as  when  viewed  by  the  naked 
eye. 

As  the  light  reflefted  from  all  tcrreftrial  bo- 
dies is  the  folar  light,  we  may  fairly  conclude  from 
the  foregoing  experiments,  that  the  light  reflected 
or  emitted  from  alt  bodies  >  conjijls  of  rays  different!) 
refrangible  :  and  this  may  be  further  proved,  for 
if  you  look  at  any  abject  through  a  prifm,  that  ob* 
jeft  will  appear  tinged  with  colours*  lake  % 
fmall  part  of  a  body,  illuminate  it  ftrongty,  and 
look  at  it  through  a  prifm,  and  you  will  have  an 
oblong  image  with  all  the  colours;  a  ftarv  a  lamp, 
a  candle,  a  burning  coals  a  red-hot  iron,  or  any 
burning  matter  feet!  through  a  prifm,  will  prefent 
you  with  the  lame  appearances. 

If  you  are  deiirous  of  feeing  a  complete  fpe-   l 
cimen  of  analytical  reafoning,  you  fliould  read  Sir    1 

L  Newton'* 
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'.  NiWTOlt's  Optics,  where  you  will  find  him  pur- 
ging this  fubjedl  in  a  variety  of  ways ;  putting 
tature  to  a  thottfand  proofs,  in  order  to  eftablifh 
js  deduQions  on  a  Aire  foundation.  It  is  impof- 
blc  for  me  to  give  you  even  an  imperfed:  idea  of 
ais  method, in  thcfe  Lectures]  it  will  be  fufficient 
'  y&i  herfc  attain  fo  much  knowledge  as  will 
waken  your  attention  to  a  fuller  and  clofer  invef- 
gation  Of  the  fiibjedh  Having  (hewn  you  by  the 
receding  experiments,  that  the  light  of  the  fun 
mjtfts  of  rays  differently  refrangible,  I  (hall  now 
ideavour  to  prove  to  you,  that  the  rays  of  light, .. 
tbicb  differ  in  colour,  differ  alfo  in  refrangibility. 

It  is  not  indeed  always  neceflary  that  judg* 
lent  fhould  be  founded  on  demonftration,  in  order 
y  obtain  your  confidence,  for  demonftration  is 
ixcly  to  be  found.  It  is  expedient,  therefore,  to 
kudy  the  art  of  judging  accurately  upon  probabili- 
ieSy  which,  where  they  can  be  clearly  difcerned, 
tre  a  fufficient  ground  for  confidence,  until  new 
ight  break  in,  or  circumftances  change,  whereon 
l  new  judgment  may  be  formed  with  (imilar  accu- 
acy.  It  is  the  vain  expe&ation  of  abfolute  cer~ 
fainty  that  keeps  many  continually  wavering  and 
irrctolute ;  for  being  afraid  of  trufting  to  any  thing 
tittt  has  not  fuch  certainty,  and  being  able  to  find 
h  no  where,  they  live  in  a  round  of  doubts,  without 
being  able  to  fettle  on  any  one  point.  You  may 
be  allured  that  fome  courage,  as  well  as  caution,  is 
bequifite,  either  to  fecure  freedom  of  thought,  or 
Open  a  paflage  to  proficiency  in  any  fcience. 

Here  is  an  oblong  piece  of  paper,  one  half 
if  which  is  coloured  (Irongly  with  red,  the  other 
vith  blue;  place  it  upon  this  piece  of  black  cloth 
tear  the  window,  where  it  will  be  (Irongly  illumi- 
lated ;  now  look  at  it  through  a  glafs  prifm,  held 
laraliel  to  it,  and  to  the  horizon,  with  the  rcfra£t-« 
fig  angle  upwards,  the  paper  will  appear  broken 
Vol.  II.  B  b  and 
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and  divided  into  two  parts,  the  blue  half  is  lifted 
higher  by  refraction  than  the  red.  If  you  turn  the 
retracing  angle  of  the  prifm  downwards,  fo  that 
the  paper  may  be  carried  lower  by  refraction,  the 
blue  half  will  be  carried  lower  than  the  red  half. 
This  experiment  fhews  clearly,  that  the  light  from 
the  blue  is  vwre  rc/raffed,  and  is  therefore  more  re* 
frangible  >  than  the  light  from  the  red. 

I  fhall  now  wrap  a  thread  of  black  (ilk  fevcnl 
times  round  a  piece  of  paper,  one  half  of  which  a 
colotired  like  that  wc  ufed  in  the  preceding  experi- 
ment, and  the  thread  appears  as  if  it  wcrefo  many 
black  lines  drawn  upon  the  colours.  Darken  the 
room,  and  fet  the  paper  up  perpendicularly  againft 
the  wall,  fo  that  one  of  the  colours  may  (land  to 
the  right,  the  other  to  the  left ;  now  illuminate 
it  ftrongly  with  a  candle,  while  with  a  lens  of  a 
long  focus,  1  collect  the  rays,  fo  as  to  form  an 
image  of  the  coloured  paper  upon  the  white  fcreen, 
the  fcrccn  being  at  about  rhe  fame  diftance  from 
the  lens  as  the  lens  is  from  the  coloured  paper. 

Move  the  fcrccn  backwards  and  forwards  to 
find  where  the  images  of  the  blue  and  red  parts  of 
the  paper  are  muft  ciiftincc  ;  this  is  cafily  known  by 
the  images  of  rhe  black  threads  of  iilk,  and  you  will 
find  thai  where  the  red  half  appears  diltinct,  the 
Hue  half  is  con fu fed  ;  and  on  t lie  contrary,  when 
the  blue  half  appears  diftina,  the  red  is  fo  confufed 
that  the  bk'L  line-;  are  fcaiwly  viliblc:  the  fpacc 
between  thefe  two  lituations  of  the  paper  is  about 
1  \-  inch,  the  diftance  of  the  paper  from  the  lens 
being  about  o  feet.  The  focal  diftance  of  the  red  rays 
being  hy.-^rv  than  that  of  the  blue,  is  a  proof  that 
the  blue  ra.s  are  more  refrangible  than  the  red; 
and  we  obtain  a  new  demonttratioii  of  the  differ- 
ence in.  ;!:j  refrangibility  fioin  the  different  focal 
(liilajkcs,  nt  which  the  rajs  proceed  from  different 
colours  ;  for  ihofe  w  hole  rays  are  moft  refrangible 
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bibft  be  colledted  and  united  at  the  fliorteft  dis- 
tance. Therefore  rays  that  differ  in  their  colour 
differ  alfo  in  their  decrees  of  refrangibility. 

The  different  refrangibility  of  the  rays  of  light 
is  a  great  objtacle  to  the  perfeffion  of  telef copes  and 
microfcopes.  This  is  a  clear  inference  from  our  laft 
experiment,  for  no  rays  ifluing  from  a  point  can  be 
refracted  by  a  lens  to  a  fingle  point. 
■;  From  what  has  been  laid  it  is  alfo  plain,  that 
if  the  folar  light  confifted  but  of  one  kind  of  rays, 
there  would  be  but  one  colour  in  the  world ;  or,  in 
Other  words,  all  things  would  be  of  the  fame  colour. 
From  one  experiment  to  another,  Sir  I.  New- 
ton was  led  to  what  he  juftly  calls  the  experiment 
turn  crucis,  which  I  lhall  relate  to  you  fo  as  to 
enable  you  to  repeat  it  at  your  leifurc,  as  we  have 
already  employed  as  much  of  our  time  as  can  be 

'  well  fpared  on  this  fubjedt.     He  took  two  thin 

boards,  and  placed  one  of  them  clofc  behind  the 

'prifm  at  the  window,  in  fuch  a  manner  that  the 

.  middle  of  the  refracted  light  might  pafs  through 
the  hole  made  in  it,  and  the  reft  be  intercepted  by 
the  board,  and  be  refracted  on  the  other  board 
which  he  placed  at  about  the  diftance  of  12  feet ; 
having  made  a  fmall  hole  in  the  fecond  board  alfo, 
and  placed  it  in  fuch  manner  that  the  middle  of 
the  refracted  light,  which  came  through  the  hole 
■in  the  firft,  might  pafs  through  that  of  the  fecond, 
the  reft  being  intercepted  by  the  board  might  paint 
upon  it  the  coloured  fpectrum  of  the  fun. 

He  then  placed  another  prifm  behind  the  fc- 

.  cond  board,  fo  that  the  light  which  was  tranfmit- 

.  ted  through  both  the  boards  might  pafs  through 
that  alfo,  and  be  again  refracted  before  it  arrived 
at  the  wall. 

This  being  done,  he  took  the  firft  prifm  in  his 

-hand,  and  turned  u 

Atheieveral  parts  of 
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board  fucceflively  to  pafs  through  the  hole  therein, 
and  fall  upon  the  prifm  behind  it,  that  be  might 
obferve  to  what  places  on  the  wall  they  would  be 
refra&ed  by  the  fecond  prifm ;  and  it  appeared, 
that  the  light  which  was.  moll  refra&ed  by  the 
firft  prifm  was  alfo  moft  refradted  by  the  fecond, 
and  went  to  the  higher  part  of  the  wall ;  and  the 
light  which  was  leaft  refracted  by  the  firft,  wH 
alfo  leaft  refra&ed  by  the  fecond ;  and  that  the  moft 
refrangible  was  violet,  and  the  leaft  fo  red.  During 
the  experiment  the  two  boards  and  the  fecond  prim 
remained  unmoved,  by  which  means  the  incidence 
thereon  was  always  the  fame  ;  fo  that  without  any 
difference  in  the  medium  fome  of  them  Ihall  be 
more  refra&ed  than  others  ;  and  that  according  to 
their  different  degrees  of  refrangibility  they  will 
be  tranfmitted  through  the  prifm  to  different  parts, 
of  the  wall. 

Fig.  1 1,  pi.  6.  VST  is  the  prifm  that  firft  re- 
ceives the  folar  light ;  this  is  refradted  and  falls  upon 
the  middle  of  the  board  P  X  Q,  the  middle  part  of 
which  falls  upon  the  fecond  board  p  x  q.  By  turn- 
ing the  prifm  V  S  T  (lowly  to  and  fro  about  it's 
axis,  the  image  will  be  made  to  move  up  and 
down,  fo  that  all  the  parts  from  one  end  to  the 
other  may  be  made  to  pafs  fuccx  iTively  through  the 
holeg.  as  t  another  prifm  ro  rifradt  the  light  gaf- 
fing through  the  hole  g  on  the  fcrcen  Y  Z  y.  The 
pofition  of  the  holes  remaining  constantly  the 
fame,  the  incidence  of  the  rays  on  the  fecond 
prifm  was  the  fame  in  all  cafes;  yet  with  that  com- 
mon incidence  fome  rays  are  more  refra&cd,  and 
others  lefs. 

The  rays  cf  light  tl\2tfill  on  a  rrf e  fling  futfaeei 
in  the  fame  angle,  if  reflcfled  at  all,  are  rejiefledfcg 
the  fame  angles;  confequently  there  will  be  nofucb  f 
par  at  ion  in  degree  of  the  rays  of  light  by  reP 
there   is    by    refraition.     Tfc ' 
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proved.     I  fhall  place  this  plane  mirror  in  an  hori- 

-  zontal  pofition,  fo  as  to  receive  this  beam  from 

the  hole  in  the  M'indow-fhutter,  and  ir  is  thereby, 

_   you  fee,  refle&ed  to  the  oppofitc  wall ;  the  figure  of 

.    the  refle&ed  light  is  circular  like  the  hole,  but 

'  there  is  no  feparation  of  the  rays  as  in  refra&ion* 

nor  any  colours  produced  by  reflection  ;  the  rays, 

which  have  the  fame  incidence,  running  parallel 

,   to  one  another  after  reflection,  being  refle&ed  at 

equal  angled  :   though  the  mod  refrangible   will 

be  the  fooneft  reflected,  if  they  move  out  of  a  denfe 

into  a  rare  medium ;  a  circumftance  which  does 

not  in  the  leaft  affect  the  prefent  propofition. 

The  rays  of  the  fun's  light,  however;  which 
[  are  refrangible,  arc  alfo  more  reflexible  than  others. 
K  L  I,  fig .  12,  pi.  6,  reprefents  a  prifm ;  the  angle  K 
is  a  right  angle ;  the  other  angles  L,  I,  are  equal  to 
each  other;  TM  a  beam  of  light  that  pafles 
through  the  furface  K  I,  and  is  incident  at  N  upon 
LI.  It  will  emerge  in  the  dirc&ionMS;  but 
when  the  angle  of  incidence  at  M  is  fuch  that  the 
"fine  of  the  angle  of  refradlion  is  equal  to  the  ra- 
dius, the  angle  of  refraction  becoming  a  right  one, 
the  ray  cannot  emerge,  but  will  be  totally  re- 
flected. 

By  turning  the  prifm  flowiy  about  it's  axis 
until  all  the  light  which  went  through  one  of  it's 
angles,  and  was  refra&ed  by  it,  began  to  be  re- 
flected by  it's  bafe,   Sir  I.   Newton  found,  that 
rhofe  rays  which  had  fuffered  the  greateft  refrac- 
"tion  were  fooner  reflected  than  the  reft  ;  he  there-r 
fore  conceived  that  thofe  rays  of  reflected  light, 
which  were  mod  refrangible,  did  firft  of  all,  by  a 
*    total  reflection,  become  more  copious  in  that  light 
I 'than  the  reft  ;  and  that  afterwards  the  reft  alfo,  by 
a  total  reflection,  became  as  copious  as  thefe.     To 
this,  he  '  refle&cd  ray,  fig.  1 2,  pi.  6M  pafs 

TVX,  fo  placed  fe- 
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parate  it's  component  colours  by  refraction  ;  OM,  qv 
the  reflected  beam,  then  the  light,  which  firft  be-  ni 
gins  to  be  reflected,  conlifting  almoft  entirely  of  & 
violet  light,  were  by  the  fecond  prifm  fo  refracted 
as  to  fall  on  q,  and  paint  a  violec  colour.  Asthe 
firft  prifm  continues  to  be  turned  on  it's  axis,  tht 
light  is  more  and  more  copioufly  reflected,  and  the 
colours  between  q  and  r  appear  in  fucceflion  till;  p 
the  red  appears,  when  the  reflection  becoming tfc 
tal,  the  colours  formed  by  refraction  at  QRSdife  * 
appear,  as  thofe  at  q  s  appear. 

In  the  beginning  of  this  Lecfture  I  obferved  Q 
you,  that  no  one  kind  of  rays  would  exhibit  whiter  z 
nefs  ;  it  is  the  mod  furprifing  and  wonderful conw 
polition,  an  afTemblage  of  all  the  colours  of  the 
prifm  in  union.  Whitenefs,  or  the  folar  light,  it 
always  compounded ;  ami  all  the  primary  colwn 
mixed  in  due  proportion,  are  requijite  to  ifs  fit* 
mation.  I  fhall  illuftrate  this  by  one  of  the  root 
celebrated,  and  moft  fimplc  of  Sir  I.  Newton's 
experiments. 

1  darken  again  our  room,  and,  as  in  the  firft 
experiment,  refract  a  beam  of  light  by  aprifm,an(j 
receive  it's  image  on  the  fcreen.  Let  us  remove  the 
fcrecn,  and  hold  this  lens,  fo  that  the  refradted  rayi 
may  fall  upon  it ;  this  you  perceive  has  occalioncd 
the  coloured  light,  which  diverged  from  the  prifm, 
to  unite  and  meet  again  at  it's  focus;  and  you  have 
upon  a  piece  of  paper  held  behind  the  folar  image 
intenfely  coloured:  the  rays  have  no  fooner, you 
fee,  palled  through  the  lens,  than  they  begin  to 
mix  and  efface  each  other,  and  lofe  the  fine  har- 
monious proportion  that  was  before  exhibited  in 
the  fpaces  of  the  colouied  image.  As  you  remove 
the  paper  from  the  lens,  the  colours  will  approach 
more  and  more  to  each  other,  and  by  mixing  to- 
gether will  be  more  and  more  diluted.  You  tit 
now  at  the  focus,  and,  you  fee,  they  are  perfcdlf , 

mi* 
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iced  together,  tlie  colours  wholly  vanifli,  and  arc 
iverted  into  whitenefs,  they  forming  a  fmall  cir«* 
ar  image  totally  white ;  the  red  no  longer  dif- 
iys  it's  lively  flame,  the  green  boafts  no  more  the 
cry  of  the  fpring,  nor  the  blue  the  lucid  robe  of 
iven,  but  all  blended  together  exhibit  the  white- 
&  of  the  fun,  from  whence  they  proceeded.  Re- 
wre  the  paper  ftill  further  back,  fo  as  to  receive 
5  rays  after  having  crofled  at  the  focus,  and  as 
sy  diverge  you  fee  they  again  renew  their  fplen- 
r  and  colour,  but  in  a  contrary  order,  the  red 
Jig  now  above,  and  the  violet  below.  This  re- 
pearance  of  the  colours  beyond  the  place  where 
ry  were  blended,  is  a  further  proof  of  the  immu* 
rility  of  the  primary  colours,  as  it  (hews  that 
jy  neither  lofe  their  colour  or  quality  by  being 
nded  or  interfering  each  other,  and  that  the 
itenefs  which  appears  is  produced  only  by  their 
t{ure. 

.  The  whitenefs  is  made  up  of  all  the  co- 
irs of  the  image,  for  if  any  of  the  rays  be  inter- 
red in  their  paflage,  the  whitenefs  ceafes,  and 
generates  into  that  colour  which  arifes  from  the 
npofltion  of  thofe  which  were  not  intercepted, 
:fuffered  to  pafs  through  the  lens;  and  if  the 
ercepted  colour  be  again  let  pafs,  and  fall  upon 

compound,  it  will  immediately  reftore  it's 
itenefs. 

That  in  forming  the  white  the  rays  do  not 
it  change  by  acting  on  each  other,  is  clear;  for 
ou  hold  the  paper  beyond  the  focus  of  the  lens, 
I  /lop  the  red  colour,  the  violet  fuffers  no 
Jige  ;  nor  will  the  red  be  changed  by  flopping 
red,  and  letting  the  violet  pafs. 

When  the  paper  is  held  at  the  focus,  if  you 

k  through  a  jyifm  at  the  white  circular  image, 

Swill  h  ^  fpe^irum ;  let  any  ray  be 

:pt<  ?s  thus  examined,  and 

thct 
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then  let  it  pafs  again,  and  the  colour  will  appear  ari 
difappear  as  often  as  you  repeat  the  expfcrimefiJ:, 
the  remaining  colours  not  fufferinjg  any  c  hinge  i 
clearly  (hewing,  that  one  colour  depends  on  oat 
kind   of    rays,   and   another   colour    on    anotfoef 
kind*      So   replete  and   dec  i  five   are    the  eipe- 
riments  of  Sir  L  Newton,   that    they  not  fitly 
prove  the   propofition  they   were  primarily  in- 
vented to  illuftrate,  but  at  the  fame  time  they  ilfo 
ftrengthen  the  truth  of  other  proportions. 

Convincing  as  were  thefc  experiments, 
fertile  imagination  of  Newtov  invented  new  om> 
which,  though  different  from  each  other,  all  con* 
curr^ d  to  prove  the  fame  thing  j  they  fermcd  to 
rife  under  his  hands,  as  tie  poets  make  flowm 
fpring  under  the  feet  of  their  bemilie*.*  He 
caufed*  an  inRrument  to  be  made  in  form  of  i 
comb,  with  t  eth  i  4,  inch  broad,  and  at  tw# 
inches  diftance  from  each  other;  by  patting  tkit 
comb  over  the  lens  placed  as  in  the  laft  experi- 
ment, part  of  tHfe  colours  were  intercepted  by  the 
teeth,  while  the  reft  proceeded  on  to  the  paper 
placed  at  the  focus  of  the  lens.  This  image  ap* 
pea  red  white  when  the  comb  was  taken  away,  but 
when  this  was  interpofed  the  whitenefs  wis 
changed  into  the  colour  palling  through  the  comb. 
When  the  motion  of  the  comb  is  flow,  the  colours 
red,  )ellow,  green,  blue,  purple,  always  fuected 
one  another  ;  but  w  hen  the  conib  is  moved  quicks 
ly,  the  colours  following  one  another  with  extreme 
rapidity,  cannot  be  diftinguiftied*  and  from  th© 
confufion  of  the  whole  there  a  rifts  one  uniform 
colour;  the  impreffion  of  all  the  colours  is  at  once 
in  the  fame  part  of  the  eye,  and  they  jointly  excite 
the  fenfation  of  whitenefs. 

Here  is  a  top,  luch  as  we  were  ufed  to  fpin  in 

our 
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our  younger  days  ;  the  furface  is  divided  into  cer- 
tain proportions,  to  accord  with  the  coloured  fpee- 
trum  of  the  prifm  :  by  pulling  this  ftrirtg  I  (hall 
make  the  top  revolve  rapidly  on  it's  axis ;  while  it 
is  fb  revolving  you  can  diftinguifh  none  of  the  , 
colours  fingly,  but  the  whole  appears  white,  and 
this  whitenefs  will  be  greater  in  proportion  as  the 
particular  colours  are  brighter. 

The  colours  produced  by  the  prifm  are  not 
only  the  tnoft  beautiful  in  nature,  but  each  in  it- 
felf  continues  feparate  and  unalterable.  Wheft 
one  of  thefe  primitive  rays  has  been  feparated  from 
the  reft,  nothing  can  change  it's  colour ;  fend  it 
through  other  prifms,  rcfradt  or  refledt  it,  ftill  it 
remains  unalterable,  the  red  ray  prcferves  it's 
crimfon,  and  the  violet  it's  purple  beauty.  What*, 
ever  objelt  falls  under  any  of  them  foon  gives  up  it's 
own  colour ',  though  everfo  vivid,  to  ajfume  the  homo* 
genial  light  of  the  prifmatic  ray.  Take  a  bit  of 
paper,  and  place  it  in  the  red-making  ray,  and  it 
will  appear  red ;  place  it  in  the  other  coloured 
.  rays,  and  you  will  always  find  it  aflume  the  radial 
colour.  Take  a  piece  of  coloured  paper,  and  put 
it  in  the  red  light,  and  it  will  appear  red ;  hold 
it  m  the  yellow,  orange,  &c.  and  it  will  appear 
orange,  yellow,  &c.  relpeflively.  In  (hort,  no  art 
can  alter  the  colour  of  a  frparated  ray ;  it  gives  it's 
tint  to  every  object,  but  will  afliime  none  from  any ; 
neither  refle&ion,  refraction,  nor  any  other  means, 
can  make  it  forego  it's  native  hue;  like  gold,  it  may 
be  tried  by  every  experiment,  but  will  ftill  come 
forth  the  fame. 

It  will  be  neceflary  here  to  explain  the  me- 
.  thod  ufed  by  Sir  I.  Newton,  to  define  the  bounda- 
ries of  each  colour  in  the  prifmatic  fpedrum. 
You  obferved*  in  the  image,  that  though  there  wat 
a  manifeft  difference  of  colour  not  only  between 
the  two  extremcs>  but  alfo   in  the,  intermediate 

parts, 
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parts,  yet  the  exadt  place  at  which  any  one  colour 
ended  and  another  began  was  far  from  being  fuf- 
ficiently  diftinguifhable ;  this  indiftin&nefs  was 
occafioned  by  rays  of  every  kind,  proceeding  from 
all  parts  of  the  fun's  difk  ;  an  entire  iroage  of  the 
fun  is  projected  on  the  paper,  confiding  of  a  circle 
of  each  particular  colour ;  and  as  the  rays  differ 
in  kind  by  infinitefimal  degrees,  from  the  extreme 
red  to  the  extreme  violet,  there  muft,  in  fad,  be 
tjioufands  ofthefe  circles  in  the  oblong  image,  the 
centers  of  which  are  infinitely  near  to  each  other, 
fo  that  the  light  is  intimately  mixed,  efpecially  in 
the  middle  of  the  image,  where  it  is  brighteft. 

He  therefore  confidcred,  that  if  thefe  circles 
could  be  made  lefs,  while  their  centers  kept  the  fame 
cjiftances  and  pofitions,  their  interference  and  mix- 
ture with  each  other  would  be  proportionably  dimi- 
i)ifhed,and  that  they  would  be  fo  diminilhed,  if  with- 
out the  room  at  a  great  di  fiance  from  the  prifm  to- 
wards the  fun,  an  opake  body  was  interpofed,  hav- 
ing a  round  hole  in  the  middle  of  it,  to  intercept 
all  the  fun's  light,  except  as  much  as  coming  from 
the  middle  of  it's  difk  could  pafs  through  that 
hole  to  the  prifm;  for  then  the  feparatc  circles 
would  no  longer  anfwer  to  the  whole  dilk  of  the 
fun,  but  only  to  that  part  of  it  which  can  be  feen 
from  the  prifm  through  that  hole.  But  to  make 
thefe  circles  anfwer  more  diftindly  to  the  hole, a 
lens  is  to  be  placed  by  the  prifm,  to  call  the  image 
of  the  hole,  that  is,  of  each  feparate  circle  diftinct- 
ly  on  the  paper. 

At  about  10  or  12  feet  from  the  window  Sir 
I.  Newton  placed  a  lens,  by  which  the  image  of  the 
hole  might  be  difiindly  call  upon  a  iheet  of  paper 
at  6,  8,  io,  or  12  feet  from  the  lens.  Immediately 
after  the  lens  he  placed  a  prifm,  by  which  the  re- 
fracted light  might  be  thrown  upwards  or  fide- 
ways  ;  moving  the  paper  that  received  the  image 

nearer 
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nearer  to  or  further  from  the  prifm,  till  he  found 
the  fituation,  where  the  fides  of  the  image  were, 
mod  diftind. 

Fig.  1 3,  pi.  6.  F  is  the  hole  in  the  window-* 
fhutter ;  M  N  a  lens  whereby  the  image  of  that 
hole  is  caft  diftindly  on  the  paper  at  I ;  A  B  C  3. 
prifm  to  refnuSt  the  rays,  emerging  from  the  len* 
to  another  paper  at  p  t ;  the  round  image  at  I  is 
thereby  turned  into  an  oblong  irpage  pt  falling  on 
%  he  other  paper.  This  image  p  t  coniifts  of  circle* 
placed  one  after  another  in  rectilinear  order,  the 
circles  are  equal  in  magnitude  to  the  circle  I;  con- 
sequently by  diyniniftiing  the  hole  F,  {hey  jnay  be 
at  ple^fure  diminifhed,  whilft  their  centers  remain 
in  their  places.  By  this  means  the  breadth  of  the 
image  p  t  may  be  made  forty  times,  and  fometime* 
fixty  or  feventy  times  lefs  than  it's  length,  an<J 
thereby  the  mixture  of  the  ray$  as  much  of  3s  little 
as  you  pleafe. 

By  this  means  he  obtained  a  diftindt  terminal 
tion  of  the  images  of  the  hole  without  any  pe- 
numbra, and  therefore  only  extending  the  leaft 
degree  into  each  other,  and  confequently  there 
was  very  little  mixture  of  heterogenial  rays.  By 
enlarging  or  diminifhing  the  hole  in  the  window- 
fhutter,  he  made  the  circular  images  greater  or 
Jefs  at  pleafure,  and  thereby  the  mixture  of  rays 
jn  the  oblong  iipage  was  as  .much  or  as  little  at  he 
f  hofe ;  fometimes  making  the  image  49  times,  anfi 
jbmetimes  60  or  70  times  lefs  than  it's  length. 

Thus  the  light  was  rendered  fufficientfyjunple 
for  trying  any  ot  his  experiments  about  homoge- 
nial  light,  the  heterogeneous  rays  being  fo  few  as 
hardly  to  be  perceived,  excepting  in  the  indigo 
and  violet,  which  being  dark  colours  eaiily  fufte^ 
an  allay,  even  by  the  little  fcattering  light  re- 
fracted   irregularly    by   the    inequalities    of   the 

prifm* 
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When  he  had  thus  got  the  fides  of  the  co- 
loured image  diftin&ly  defined,  he  delineated  the 
outlines  of  it  on  paper,  holding  the  paper  fo  that 
the  image  might  fall  on  the  paper,  and  coincide 
with  it  cxa&ly;  while  an  afliftant  marked  the 
confines  of  each  colour,  by  lines  drawn  acrofs  the 
image.  This  was  frequently  repeated,  both  ©• 
the  fame  and  different  papers  ;  the  observation! 
were  found  to  agree  well  enough  with  each  other, 
and  the  fides  were  divided  like  a  muflcal  choid, 
and  were  in  proportion  to  one  another,  as  the  num- 
bers i,  |,  |,  i,  4,  h  A*  and  |,  and  fo  reprefented 
the  chords  of  the  key,  and  of  a  tone,  a  third 
minor,  a  fourth,  a  fifth,  a  fixth  major,  a  fe- 
venth,  and  an  eighth  above  that  key. 

The  length  of  the  fpaces,  which  the  7  pri- 
mary colours  poffefs  in  the  fpectrum,  exa<5Hy  cor- 
refponds  to  thofe  of  the  chords  that  found  the 
feven  notes  in  the  diatonic  fcale  of  mufic. 

From  this  reafoning,  colours  and  founds  have 
been  thought  to  be,  in  fome  refpc;';,  ♦imilar.  There 
are  7  notes  in  mutic  ;  there  are  alio  fo  manv  pri- 
mary colours:  the  difhncc  between  each  note  is 
ascertained  ;  a  fimihr  distance  is  alio  found  be- 
tween each  coloured  n,v.  But  the  diverlitics  be- 
tween them  are  more  ::'..meroi>  :han  the  iimili- 
tudes.  The  combin  .."  .*\i  of  tones  increafes  their 
beauty;  but  the  combination  of  colours  deadens 
their  effect.  The  fucccflion  of  Pounds  have  a  won- 
derful influence  on  the  mind;  the  fucceflion of 
c/i^ur>  has  lcarce  any.  Notw  :c -ftanding  this, 
Fcic  C.iilcl  has  urirten  a  irc.U:'.V,  to  prove  that 
.:>  the  <\;r  i\:kU  pk-afure  in  the  fucceflion  of 
■■.v::J.s;  fo  the  r?  may  hu.ve  a  iimilar  one  from 
v  : uccetnon  of  coioiirs.  For  this  purpofe,  he 
ud  an  :v:*.\:r  i\;rrti-b:rJM  which,  inftead 
ding  to  the  car,  prefented  colours  to  the 
w*   prifmatic  rav$  turniihed  the   notes,  and 

the 


.  «»>»*.*. 


Ct 


( 


O*  Colours.  3<fc 

the  (hades  between  were  fubftituted  for  the  femi- 
toncs.  Sounds  furnifh  the  ear  with  all  it's  plea* 
lures,  but  colours  furnifh  the  eye  but  with  half  it's 
pleafure ;  therefore,  little  is  to  be  expe&ed  from 
the  mufic  of  colours.  To  make  fuch  an  inftru- 
tnent  fatisfy  the  fenfe  of  fight,  the  beauty  of 
figure  muft  be  united  to  that  of  colour. 

The  foregoing  principles  account  for  feveral 
phenomena,  that  were  inexplicable  before  Sir  Ifaac 
Newton  had  inveftigated  the  theory  of  colours. 
Among  others,  why,  upon  looking  at  any  objeA 
ctirough  a  prifm,  the  edges  only  appear  tinged 
with  colours,  and  that  in  a  certain  order.  Thus, 
when  you  look  through  a  prifm,  at  any  objed,  (if 
not  too  fmall  (particularly  if  it  be  white),  the 
edges  only  of  the  objeft  are  coloured ;  one  edge 
red*  orange,  and  yellow ;  the  other  blue,  indigo, 
and  violet.  Thefe  colours  are  the  extremities  offo 
many  images  of  the  object,  as  there  are  rays  of  light 
differently  refrangible.  This  will  be  beft  explained 
by  a  diagram.  Let  A  B  C  D  fig.  1 7,  pi.  6,  be  a  white 
^figure,  viewed  through  a  prifm  HIK;  CE,  DE, 
are  rays  proceeding  from  the  extremities,  which, 
if  the  prifm  were  not  interpofed,  would  meet  at 
E;  but  by  means  of  the  prifm,  are  unequally 
refra&ed;  the  red  uniting  in  G,  the  violet  at  F; 
the  intermediate  one  between  G  and  F,  into  as 
many  points  as  there  are  rays  differently  refran- 
gible. The  eye  being  fituated  fo  as  to  receive 
f&efe  rays,  fees,  in  this  refradted  dinedion,  the 
image  aosp  augmented  in  height,  by  the  quantity 
b  o,  which  is  that  of  the  rays,  feparaced  by  refrac- 
tion. The  edges  of  this  image  are  coloured  ;  the 
lower  edge  red,  from  a  to  e;  orange,  from  c  to 
4 ;  and  yellow,  between  d  and  e.  At  the  \ippcr 
«dge,  blue,  from  1  to  m ;  indigo,  from  m  to  n ; 
▼iotet,  from  n  to  o.  From  what  we  have  faid,  it 
4p  mfy  for  you  to  perceive,  that  thefe  colours  are 
4  ^ 


3*4    txtTuai*  on  Nat? *At  ftnididfctf ; 

the  extremities  of  lb  many  imager  of  thtf  objeftj 
etch  colour  occupying  a  fp*oe,  equal  in  extent  trf 
that  of  the  card  A  BCD/ which  rtcetveallfc  light 
of  the  fun,  which  light  is  composed  of  all  the 
rays-  The  ted  image,  therefore*  totteQdft  foxnt 
to  b ;  the  orange,  from  c  to  i  %  the  yell**,  fimi 
d  to  k;  the  green,  frofn  a  to  1;  the'  Uuc^  ham 
f  to  m  j  the  indigo,  from  g  to  n;  the  violet;  fort 
h  too. 

This  explains  clearly,  *Why  the  extremities  ao$ 
are  coloured,  while  the  middle  rematio*  white* 
the  colours  anticipate  one  on  the  ocheiyfothtf 
they  are  all  mixed  together  in  the  ipace'betweca 
h  and  b;  in  the  fmall  intervals  between  e  and 
h,  and  b  and  1,  it  is  nearly  white*  It  is  oaty 
from  a  to  e,  and  from  1  to  oi  that  the  colossi 
are  fufficiently  pure  and  unmixed,  to  be  appa- 
rent. 

If  the  objedt  you  look  at  through  the  prifm 
is  fmall,  and  viewed  at  a  di fiance,  the  whole 
furfacc  is  coloured  ;  for  when  the  object  is  fmall, 
each  objeft  occupies  lefs  fpace;  whilft  the  quan- 
tity that  the  rays  are  feparated  from  each,  other,  is 
the  iamc,  they  are  consequently-  lefs  mixed,  and 
more  apparent. 

If  a  black  objedt  be  furrounded  with  a  white 
one,  the  colours  which  are  perceived,  are  to  be 
derived  from  the  light  of  the  illuminated  objed 
fpreading  into  the  regions  of  the  black ;  and 
i  thjwpefore  they  appear  in  a  contrary  order  to.what 
'"they  do  when  a  white  objc<ft  is  furrounded  with  a 
black  one. 

It  is  the  fame  when  an  object  is  viewed,  the 
parts  of  which  are  lefs  luminous  than  others  ;  for, 
in  the  borders  of  the  more  and  lefs  luminous  parts, 
colours  ought  always  to  arife  from  the  fame  prio- 
ri oic,  viz,  from  the  excefs  of  light  of  the  more 

nous  objeft,  and  to  be  of  the  fame  kind  as 

if 
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if  the  darker  parts  were  black,  but  yet  to  be  more 
faint  and  dilute. 

What  is  faid  of  colours  made  by  prifms, 
may  be  eafily  applied  to  the  colours  made  by 
the  glaflTes  of  telefcopes  and  microfcopes,  or  by 
the  humours  of  the  eye ;  for  if  the  object-glafs  of 
a  telefcopc  be  thicker  on  one  fide  than  the  other, 
or  if  one  half  of  the  glafs,  or  one  half  of  the  pupil 
of  the  eye,  be  covered  with  any  opake  fubftancef, 
the  objedt-glafs,  or  that  part  of  it  or  of  the  eye 
which  is  not  covered,  may  be  confidered  as  a  wedge 
with  crooked  fides  :  and  every  other  pellucid  fub* 
fiance  has  the  effe&  of  a  prifm,  in  refra&ing  the 
light  that  paflcs  through  it's  fubftance. 

Though  the  foregoing  theory  of  light  and 
-colour  was  firft  fully  and  clearly  invert igatcd  by 
Sir  Ifaac  Newton, '  yet  fomc  traces  thereof  are  to 
be  found  among  the  ancients. 

Plato  does  not  feem  to  have  been  altogether 
ignorant  of  the  Newtonian  fyftem  of  colours ;  for 
he  calls  them  the  effed:  of  light  tranfmitted  from 
bodies,  the  particles  of  which  were  adapted  to 
the  organs  of  fight.  Now  this  is  precifely  the 
fame  with  what  Sir  Ifaac  teaches,  cc  that  the  dif- 
ferent fenfations  of  each  particular  colour  are 
excited  in  us  by  the  difference  of  fize  in  thofe 
fmall  particles  of  light  which  form  the  feverai 
rays ;  thofe  fmall  particles  of  light  occafioning 
different  images  of  colour,  as  the  vibration  is 
more  or  lefs  lively  with  which  they  ftrike  our 
fenfes."  Plato  hath  gone  further  :  he  has  entered 
into  a  detail  of  the  compofition  of  colours,  and 
inquired  into  the  vifible  ejfetts  that  rnuft  arlfe  from 
a  mixture  of  the  different  rays  of  which  light  itfelf 
is  compofed.  He  thought  certain  rules  might  be  laid 
down  on  this  fubjeeft,  if,  in  following  and  imi- 
tating nature,  we  could  arrive  at  the  art  of  form- 
ing a  divejfity  of  colours  by  the  combined  inter- 
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mixture  of  others;  adding  afterwards  what  maf 
be  confide  red  as  the  noblcft  eulogium  ever  made 
on  Sir  Ifaac  Newton.  Should  ever  any  one,  exebimi 
this  fublimc  philofopher  of  antiquity,  a/tempt,  kj 
curious  refeanb,  to  account  for  this  admirable  me- 
ebamfm,  be  will,  in  doing  fo,  lut  manifefi  bm 
entirely  ignorant  be  is  of  the  difference  iet'weem  di» 
vine  and  human  power,  ft  is  true,  Gorf  can  inter* 
mingle  tbvfe  things  one  with  another \  and  them  few 
ibem  at  bis  pleafure  t  ieeaufe  be  is,  &i  ike  fame 
time,  ail  knowing  and  at!  powerful :  &ut  ibere  is  m 
man  now  exifts*  nor  ever  will%  perhaps,  who  J&dtl 
aver  he  able  H  actomplifh  things  fa  %*ery  difficult. 
What  an  eulogium  are  thefe  words*  in  the  mouth 
of  fuch  a  philofopher  as  Plato,  and  how  glorious 
is  He  who  hath  fuccef&fully  accompliflicd  what 
appeared  impracticable  to  that  prince  of  philo- 
fophers !  And  what  elevation  of  genius,  what 
piercing  penetration  into  the  rnoft  intimate  fecrtti 
of  nature,  difplays  kfelf  even  in  the  paflages  re- 
cited from  Plato*  when  we  confidcr  that  pbilo- 
fophy  wn  thai  but  in  it's  infancy. 
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LECTURE    XX. 

Of  the  Rainbow. 

^HEN  we  look  back  upon  the  knowledge  of 

the  feveral  periods  of  time  with  which  hif- 

t~ias  left  us  any  acquaintance,  and  compare  it 

the  prefent,  reviewing  at  the  fame  time  the 

ovements  of  the  two  lad  centuries,  and  com- 

fg  them  with  the  whole  feries  of  what  pre- 
,  we  can  fcarce  avoid  regarding  the  later 
•d  with  a  refpedl  that  approaches  to  vene- 
n. 

It  is  not  to  be  doubted  but  that  men  have  at 
Lines  the  fame  natural  abilities.  That  many  of 
fages  of  antiquity  were  men  of  the  greateft 
tty,  and  moft  extenfive  genius,  they  have  left 
cient  evidence  in  the  records  of  their  works* 
glory  of  the  prefent  period  is,  that  genius  and 
ication  have  been  directed  into  a  proper 
fe,  that  men  have  ftudied  things  inftead  of 
is,  and  have  built  their  fyftems  upon  fads,  not 
their  prcdeceflbrs  on  theories. 
I  would  not  be  underftood  as  defirous  of  tak- 
from  the  venerable  fathers  of  erudition,  all 
n  to  ufeful  difcoveries ;  for  their  writings  give 
:ftimony  of  inventions  which  the  moft  enter- 
ing geniufes  of  thefe  ages  have  found  it  impof-* 

to  equal ;  but  thefe  are  few.  With  us  know- 
e  is  tnc  offspring  of  experiment,  and  we  ad- 
e  nothing  as  a  principle,  but  what  is  in  a  de- 

demonftrable,  and  what  can  be  in  fome  way 
Co  the  teft  of  experience.  On  this  ftable  foun- 
>n  fcience  htfflj|fU£o  it*s   prefent  height,  a 

iituatiQn 
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fituation  in  which  the  mod  fanguine  of  the  writer! 
Hn  the  obfeurer  ages  could  never  have  expe&ed  to 
fee  it ;  and  yet  far  below  that  degree  of  perfe&ion 
to  which  I  think  it  pofpble  it  may  arrive,  and  to 
which  by  thefe  very  means  it  may  be  carried.  It 
isnoteafy  to  fay  what  will  be  the  triumphs  of  mo- 
dern application  joined  to  modern  genius,  nor  to 
fay  where  it  will  (top,  while  there  is  the  fame  ar- 
dour in  the  purfuit,  the  fame  principles  to  work 
upon,  and  an  infinite  number  of  fadts  afcertained. 
The  colours  of  the  rainbow^  which  ftruck  an- 
tiquity with  amazement,  no  longer  now  create 
the  philofopher's  furprife.  To  Pliny  and  Plutarch 
it  appeared  as  an  objeft  which  wc  might  admire, 
but  could  never  explain.  Kepler  feems  to  have 
been  the  firft  who  fuppofed  that  it  might  arife  from 
the  refradtion  of  the  fun's  rays  upon  entering  the 
rain  drops.  Antonio  de  Dominis  enlarged  a  theory 
juft  hinted  at  by  Kepler.  Each  fucceeding  phi- 
lofophcr  went  on  in  improving  a  theory,  the  truth 
of  which  fecmed  to  carry  great  probability;  butas 
they  v.  ere  ignorant  of  the  true  caufes  of  colour, 
they  left  the  tafk  unfiniihed  for  Newton  to  com- 
plete. You  will  find  that  the  theory  of  the  rain- 
bow, as  explained  by  him,  is  full,  clear,  and  will 
imprcls  your  mind  with  perfect  convi&ion. 

Of  the  various  nutvors  the  r.iinkozv  is  one  of 
the  moft  pleiiir.g  ;  it'<  colours  not  only  delight  the 
eye  with  the  nnldiufs  of  their  lullrej  but  encou- 
rage the  fpe&ator  with  the  profpea  of  fucceeding 
fercnity.  It  is  almolt  needleis  to  defcribe  this  me- 
teor,  as  there  are  very  few  but  nuift  have  furveyed 
it  with  pleaiurc  and  furprife.  You  know  that  it 
is  c.rAy  fecii  when  the  fpeclator  turns  his  back  to 
the  iun,  and  when  it  rains  on  the  oppofite  fide. 
It's  coljun,  beginning  from  the  under  part,  arc 
violet,  indigo,  blue,  green,  yellow,  orange,  red,  fo 
thar  it  contains  all  the  beautiful  and  fimplc  {had 
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>F  the  prifm  ;  without  the  firft,  there  is  often  am 
external  rainbow,  whofc  colours  are  lefs  vivid  and 
angcd  in  an  oppofite  order,  beginning  from  the 
inder  part,  red,  orange,  yellow,  green,  blue,  in- 
ligo,  violet.  Sometimes  we  fee  half,  fometimes 
ji  whole  bow;  frequently  one,  very  often  two, 
lay  three  have  been  feen.  Though  the  rainbow 
s  generally  formed  by  the  reflection  of  the  rays 
»F  the  fun's  light,  from  the  drops  of  falling  rain,  it 
rcquently  appears  among  the  waves  of  the  fea, 
rhofe  heads  or  tops  arc  blown  by  the  wind  into 
mall  drops  ;  it  is  alfo  fometimes  to  be  fecn  on  the 
;round,  when  the  fun  fhines  on  a  very  thick  dew. 
^afcades  and  fountains,  whofc  waters  in  their  fall 
re  divided  into  drops,  will  exhibit  rainbows  to  a 
pcQator,  properly  fituated,  during  the  time  of  the 
lin's  fhining.  This  appearance  is  alfo  feen  by 
noon-light,  though  feldom  vivid  enough  to  render 
he  colours  diftinguilhable  ;  and  an  artificial  rain- 
K>w  may  even  be  produced  by  candle-light  on  the 
vater,  which  is  ejected  by  a  fmall  fountain,  or  jet 
I'eau.  All  thefe  are  of  the  fame  nature,  and  de- 
pendent on  the  fame  caufes,  fopne  idea  of  w'hich 
nay  be  formed  by  confidcring  thefe  diagrams. 

Let  the  circle  StD,  fig.  12,  pi.  7,  and  Gds, 
\gm  13,  pi.  7,  reprelent  two  drops  of  water;  Ss, 
urm  12,  a  ray  of  light  falling  obliquely  on  the  drop 
it  water  at  s,  inftead  of  continuing  in  it's  diroftion 
©wards  F,  is  rcfradted  to  t,  whence  it  will  be  in 
»rt  reflected  to  e,  making  the  angle  of  incidence 
X|ual  to  the  angle  of  reflection,  where,  inftead  of 
going  on  diredly  to  f,  it  will  be  again  refraded  by 
jading  obliquely  out  of  the  water  into  the  air. 

But  as  this  ray  of  light  confifts  of  a  pencil  of 

jtysf  fome  of  which  are  more  refrangible  than  the 

crs,  th*  vinl^t  which  is  moft  fo  will  proceed  to- 

'  '  h  i$  th"  *     °"  towards  O. 

uO,tVvax 
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formed  two  bows  of  colours,  an  interior  and 
ftronger  by  one  reflcftion  in  the  drops,  and  an  ex- 
terior and  fainter  by  two  refledlions,  the  light 
becoming  fainter  by  every  reflection  :  their  colours 
will  be  in  a  contrary  order  to  each  other,  the  red 
of  both  bows  bordering  upon  the  fpace  which  is 
between  the  bows. 

What  has  been  here  only  fuppofed,  really  takei 
place  when  rain  falls;  fo  that  when  the  rainandthc 
fun  (with  regard  to  the  fpeftator's  horizon)  are  in 
oppofite  parts  of  the  heaven,  there  is  a  fufficicnt 
number  of  drops  in  a  proper  fituation  for  the  emer- 
gent rays  to  form  with  the  incident  rays  the  angle* 
neceflary  to  produce  a  rainbow.  Let  E,  F,  G,  H, 
fig*  1 1>  pi*  7>  reprefent  drops  of  rain,  on  which  thfr 
folar  rays  SE,  SF,  S~G,  SH,  arc  incident;  thefe 
rays,  after  having  been  twice  rera&ed  at  E  and 
F,  and  once  refledled,  fall  upon  the  eye  at  0, 
The  angle  S  EO  formed  by  the  incident  ray  SE, 
and  the  emergent  ray  EO  being  400  17',  the  violet 
colour  will  be  perceived  atE;  the  angle  SFOj 
formed  in  the  fame  manner  by  the  incident  ray 
S  F,  and  the  emergent  ray  FO,  being  4  20  2',  the  red 
is  perceived  at  F ;  the  drops  of  rain  between  T 
and  F  fending  to  the  eye  the  neceflary  emergent 
ray  for  producing  the  intermediate  colours. 

Thus  alfo  the  rays  S  G,  S  H,  after  two  re- 
fractions and  two  reflections,  are  alfo  directed  to- 
wards the  eye  placed  at  O.  The  angle  SGO, 
formed  by  the  incident  ray  SG,  and  the  emergent  ray 
GO,  being  500  57',  the  red  is  fecn  at  G ;  the  angle 
S*H  O,  formed  by  the  incident  ray  S  H,  and  the 
emergent  ray  HO  being  540  7',  the  violet  is  fecn 
at  H;  the  other  drops  of  rain  which  are  between 
G  and  H  furnifh  the  intermediate  colours.  The 
fame  may  be  faid  of  the  reft  of  the  drops  con- 
stituting the  two  femicircular  bands  AFBE. 
CIIDG. 

This  may  be  illuftrated  by  experiment,  for  if 

the 
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c  rays  of  light  fall  on  the  furface  of  a  glafe 
here  filled  with  water,  they  will  be  refrafted  to 
c  other  fide,  and  there  exhibit  a  coloured  fpot  of 
rafted  light ;  from  this  part  the  rays  will  be  re- 
nted to  another  part  of  the  lower  furface,  and 
?re  he  rcfradted  a  fecond  time  into  the  air,  and 
ated  into  all  the  different  coloured  rays,  fo  that 
*  perfon's  eye  was  placed  under  fuch  a  globe,  he 
uld  obferve  all  the  different  colours  appear  in 
it  globe.  For  this  purpofe  here  is  a  globe  filled 
:h  water,  which  I  (hall  fufpend  in  a  fun-beam, 
(uch  a  height  that  you  may  eafily  obferve  this 
rnomenon.  You  fee  it  now  receives  the  light 
the  upper  part,  refradts  it  from  the  lower  into 
it's  different  -coloured  rays,  forming  thereby  a 
clc  of  coloured  light  on  the  floor  much  referri- 
ng the  rainbow.  Now  if  you  place  yourfelf  in 
h  manner,  refpe&ing  the  globe,  that  the  rays  of 
ht  of  different  colours  may  fucceflivcly  fall  upon 
r  eye,  then  you  will  fee  all  thofe  colours  in 
;  globe  which  before  formed  the  variegated 
h  upon  the  floor. 

This  is  a  cafe  exactly  fimilar  to  the  rainbow  ; 
if  this  globe  of  water  was  placed  in  the  hea* 
is,   it  is  evident  that  the  fun-beams  would  be 
rafted  through  it  as  they  are  here. 

To  iliuftVate  the  nature  of  the  fecond  bow,  we 
ill  let  the  fun-beam  fall  upon  the  lower  part  to 
:  globe ;  you  fee  plainly  the  coloured  fpot  be- 
id  to  which  it  is  refradted ;  caft  your  eye  on  the 
per  part,  and  you  perceive  the  point  to  which  it 
refle&ed,  from  whence  it  is  a  fecond  time  re- 
sted to  the  fore  part  of  the  globe  ;  and  from 
:nce  you  fee  it  a  fecond  time  refradted  out  of 
:  globe  into  the  air,  and  the  beam  thereby  dif- 
ated  into  all  it's  different  coloured  r* 
a  fee  by  the  colour* 
s  in  the  beam  lie  i 
y  did  when  refn 
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'4.*.>k\  alfo  you  will  perceive,  that  the  colours  of  the 
btam  are  more  dilute  and  faint  than  they  were  in 
the  firft  experiment. 

It  was  by  this  experiment  that  Antonio  de 
Dominis  undertook  to  explain  the  caufe  of  the 
rainbow.  Filling  a  glafs  globe  with  water,  hung 
at  a  certain  height,  oppofue  to  the  fun,  and  Hand- 
ing himfelf  \i  ith  his  back  to  the  fun,  and  his  face 
to  the  globe,  he  found  that  when  this  was  in  fucha 
fituation  that  a  ray  darting  from  the  fun  to  the 

globe  made  an  angle  with  another  ray  going  from 
is  eye  to  the  globe  of  420  3',  he  found  the  globe 
appeared  red.  If  the  pofitioh  of  the  globe  vai 
altered,  fo  as  to  make  the  angle  between  the  folar 
and  vifual  ray  lefs,  then  the  other  colours  of  the 
rainbow  arofe  from  red  down  to  violet,  which  ap- 
peared at   an  angle  of  40  17'. 

You  will  now  be  able  to  account,  for  all  the 
phenomena  of  the  rainbow ;  it  appears  always  of 
the  fame  breadth,  becaufe  the  degrees  of  refrangi- 
bility  of  the  red  and  violet  rays  which  form  the 
extreme  rays  are  always  the  fame.  The  rainbow 
forms  a  greater  or  fmaller  portion  of  a  circle.  Our 
eye  is  a  point  of  a  cone,  and  the  rays  that  proceed 
from  it  at  the  above-mentioned  angles  form  the 
furface  of  the  cone;  the  coloured  circle  is  the 
bafc,  part  of  which  is  vifible,  while  the  earth  cuts 
off  the  part  which  lies  above  the  horizon.  The 
portion  in  view  is  of  courfe  greater  or  fmaller,  as 
the  line  of  fight  is  more  or  lefs  inclined  to  the  ho- 
rizon ;  this  obliquity  incrcafes  in  proportion  to 
the  elevation  of  the  fun ;  confequently  the  fize  of 
the  bow  diminifhes  as  the  altitude  of  the  fun  in- 
creafes.  To  make  this  plainer,  fuppofe  the  fpec- 
tator  on  the  top  of  a  very  high  mountain,  and  the 
rain  falling  at  fomc  little  diftance  from  him,  in- 
ftcad  of  a  femicircular  rainbow  he  would  then  fee 
a  complete  ring  of  that  beautiful  meteor  ;  a  circle 
not  likp  qur  common  bow,  cut  off  by  the  earth, 
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but  complete  and  beautiful  ;   and  fuch  is  ufually 
feci  American  Andes. 

m  hence  we  fee  why  there  is  no  rainbow, 
when  the  fun  U  above  a  certain  altitude  *,  the  co- 
nical fur  face  under  which  it  becomes  viiihlc  being 
below  the  horizon,  when  the  altitude  of  the  fun  is 
more  than  4:  dej  ;  if  the  altitude  is  more  than 

42,  but  lefs  than  54,  the  exterior  bow  may  be  vi- 
sible, though  the  interior  bow  isinvifible.  Some- 
times the  rain  does  not  occupy  a  fpace  extend ve 
enough  to  complete  the  bow,  only  a  portion  of  an 
rch  will  in  fuch  cafes  be  vilible ;  and  the  appcar- 
lce  of  this  portion,  and  even  the  bow  itfelf,  will 
various,  according  to  the  nature  of  the  iituation 
id  the  fpace  occupied  by  the  rain. 

Of  the  Separation  of  the  original  Rays  of 
Light,  by  Reflection  or  Transmission, 
but  depending  on  the  thickness  of  the 
Medium  l  pon  which  they  are  incident. 


The  foundation  of  a  rational  theory  being 
id,  it  next  became  natural  to  inquire  by  what 
peculiar  mcchanifm  in  the  ftrudture  of  each  parti- 
cular body,  it  was  fitted  to  reflect  one  kind  of  rays 
more  than  another.  This  Sir  I.  Newton  attri- 
butes to  the  denfity  of  theft  bodies.  This  fuhjeit 
i$  not  fo  clear  as  the  preceding;  the  prefent  theory 
fuggefts  many  doubts  to   every  inquifitive  mind, 

I  Hid  is  allowed  by  all  to  be  attended  with  difficul- 
There  arc  no  optical  experiments,  however, 
n  which  Sir  I.  Newton  fecms  to  have  taken  more 
)ains,  than  thofe  relating  to  the  rings  of  colours 
I'hich  appear  in  thin  plafest  and  which  I  am  going 
to  explain  to  you;  in  all  his  obfervations  and  in- 
vestigations concerning  them,  he  difcovers  the 
greateft  fagacity,  both  as  aphilofophcr  and  a  ma- 
thematician. 

The  bubbles  which  children  blow  with  a  mix- 
ture 
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ture  of  foap  and  water,  were  obferved  by  Dr.  Hook* 
to  exhibit  various  colours  according  to  their  thin- 
nefs,  and  that  when  they  have  a  confiderable  de- 
gree of  thicknefs  they  appear  colourlefs ;  from 
this  the  prefent  theory  has  taken  it's  rife.  It  is 
thus  that  things  overlooked  by  the  reft  of  mankind, 
are  often  the  moft  fertile  in  fuggefting  hints  to 
thofe  who  are  habituated  to  reflc&ion. 

Sir  I.  Newton  blew  up  a  large  bubble  from 
a  ftrong  mixture  of  foap  and  water,  and  fet  himfclf 
attentively  to  confider  the  different  changes  of 
colour  it  underwent,  from  it's  enlargement  to  it's 
diffolation.  He  in  general  perceived  that  the 
thinner  the  plate  of  water  which  compofed  the 
iides  of  the  bubble,  the  more  it  refleded  the  violet 
colour  ray ;  and  that  in  proportion  as  the  fides  of 
the  bubble  were  more  thick  and  denfe,  the  more 
they  reflected  the  red  :  he  therefore  was  induced  to 
believe,  that  the  colours  of  all  bodies  proceeded 
from  the  thicknefs  and  denfity  of  the  little  tran- 
sparent plates  of  which  they  arc  compofed.  To 
bring  this  opinion  nearer  to  certainty,  it  was  ne- 
ceflary  to  meafurc  the  thicknefs  of  the  plate  of 
water  which  compofed  the  bubble,  but  this  was  a 
matter  of  great  difficulty,  as  the  bubble  was  of  it- 
fclf  of  too  tranlient  a  nature  to  undergo  the  necef- 
fary  experiments. 

Sir  Ifaac,  who  was  ever  fertile  in  expedients, 
recolledcd  having  obferved,  that  as  two  prifms 
a\  ere  comprefled  hard  together,  in  order  to  make 
their  fides  (which  happened  to  be  a  little  convex) 
touch  one  another,  they  were  both  as  perfectly 
transparent  in  the  place  of  contact  as  if  they  had 
been  but  one  piece  of  glafs  ;  but  that  round  the 
point  of  contadt,  where  the  glaffcs  were  a  little 
feparated  from  each  other,  rings  of  different  colours 
appeared. 

To  obferve  more  accurately  the  order  of  theco- 
rs  produced  in  this  manner,  he  i  lafs  leitf- 
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whofe  convexity  was  very  fmall,  upon  a  plain  glafs- 
Now  it  is  evident,  that  thole  would  only  touch  at 
one  particular  point;  and  therefore,  at  all  othoc 
places  between  the  adjacent  furfaces,  a  thin  plate 
of  air  was  interpofed,  whofe  thicknefs  increafed  ia 
a  certain  ratio,  according  to  the  diitance  from  thfc 
point  of  eontath 

He  prefled  thefe  glafles  flowly  together,  bjic 
which  means  the  colours  very  loon  emerged,  ami 
appeared  diftind  to  a  conliderable  diftance  j  next 
to  the  pellucid  central  fpot  made  by  the  contact  of 
the  glaffes,  fucceeded  blue,  yellow,  white,  yellow 
and  red.  The  blue  was  very  little  in  quantity, 
nor  could  he  difcern  any  vk>let  in  it  ;  but  the 
yellow  and  red  were  \cry  copious,  extending  about, 
as  far  as  the  white,  and  four  or  five  times  as  far  as 
the  blue.  The  next  circuit  immediately  furround- 
ing  thefe  confuted  of  violet,  blue,  green,  yellowt 
and  red ;  all  thefe  were  very  copious  except  the 
green,  which  v\as  very  little  in  quantity,  and 
feemed  more  faint  and  dilute  than  the  other  co- 
lours. The  third  circle  of  colours  wTas  purple, 
blue,  green,  yellow,  and  red ,-  in  this  the  purple 
was  more  reddiih  than  the  violet  in  the  former 
circuit,  and  the  green  was  more  confpicuous,  being 
as  bright  and  copious  as  any  of  the  other  colours, 
except  the  yellow  ;  the  red  was  alio  fomewhat 
faded.  The  fourth  circle  conilfted  of  green  and 
red  ;  the  green  was  copious  and  lively,  inclining 
on  one  fide  to  blue,  on  the  other  to  yellow,  but 
there  was  nefther  violet,  blue,  nor  yellow  ;  and  the 
red  was  very  imperfect  and  dirty.  Each  outer  cir- 
cuit or  ring  was  more  obfeure  than  thofe  within, 
like  the  circular  waves  upon  a  dtfturbed  (hect  of 
water,  till  they  at  laft  ended  in  perfect  whitenefs. 

As  the  colours  were  thus  found  to  vary  ac- 
cording to  the  different  diftances  of  the  glafs 
plates  from  each  other,  Sir  lfaac  judged  that  they 
roceeded   from    the  different   thicknefs  of  the 

plate 
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phtc  of  air,  intercepted  between  theglafles;  and 
that  this  plate  was  by  the  mere  circumftance  of 
thinnefs  or  thicknefs  difpofed  to  rcfle<5l  or  tranfmit 
this  or  that  particular  colour ;  from  whence  he 
concluded,  as  before  obfcrved,  that  the  colours  of 
all  rubral  bodies  depended  on  their  component 
particles.  Me  alfo  conllru&ed  a  table,  wherein 
the  thicknefs  cf  a  phte,  neceflary  to  reflet  any  par- 
ticular colour,  was  expreffed  in  parts  of  an  inch, 
divided  into  1,000,000  parts. 

The  appearance  of  thefe  circles,  when  the 
glaflcs  were  mod  comprefTed,  fo  as  to  make  the 
black  fpot  appear  in  the  center,  is  delineated  fig.  15, 
pi.  7,  where  a,  b,  c,  d,  e  ;  f,  g,  h,  i,  k  ;  1,  m,  n,  o,  p; 
q,r;  s,  t;  u,  x;  y,  z,  denote  the  colours  reckoned 
in  order  from  the  center,  viz.  black,  blue,  green, 
yellow,  red,  purple, blue,  green,  yellow,  red;  green, 
red ;  greenilh  blue,  red ;  greenilh  blue,  reddifli 
white. 

I  have  already  obferved  to  you,  that  the  thin 
plates,  made  ufe  of  in  the  former  experiments,  re- 
Hectcd  feme  kinds  of  rays  in  particular  parts,  and 
tranfmitted  others  in  the  fame  parts.  Hence  the 
coloured  rings  appeared  varioully  difpofed,  ac- 
cording as  they  were  viewed  by  reflected  or  tranf- 
mitted light  ;  that  is,  according  as  the  plates  were 
or  were  not  held  up  between  the  eye  and  the  win- 
dow. That  you  may  undcrftand  this  better,  here 
is  a  table,  on  one  fide  of  which  are  mentioned  the 
colours  appearing  on  the  plates  by  reflected  light, 
and  on  the  other  thofe  which  were  perceived  when 
the  glafles  were  held  between  the  eye  and  the 
window.  The  center,  when  the  glaffes  were  in 
full  contadt,  was  perfectly  tranfparcnt ;  this  fpot 
therefore,  when  viewed  by  rcHe&ed  light,  ap- 
peared black,  becaufc  it  tranfmitted  all  the  rays; 
and  for  the  fame  reafon  it  appeared  white,  when 
viewed  by  tranfmitted  light. 

Colours- 


•j 
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Colours  by  refleQed  light: 

Black 

Blue 

White 

Yellow 

Red 

Violet 

Blue 

Green 

Yellow 

Red 

Purple 

Blue 

Green 

Yellow 

Red 

Green 

Red 

Greenifh-blue 

Red 


\ 


Colctursby  tranfmitted  light 

White 

Yellowifti  Red 

Black 

Violet 

Blue 

White 

Yellow 

Red 

Violet 

Blue 

Green 

Yellow 

Red 

BluiOi  Green 

Red 

Bluifti-grcen 
Red 


In  comparing  the  rings  produced  by  tranf- 
mitted with  thofe  produced  by  reflected  light,  the 
white  was  found  oppofed  to  the  black,  the  red  to 
the  blue,  the  yellow  to  the  violet,  and  the  green  to 
a  colour  compofed  of  red  and  violet ;  in  other 
-words,  the  parts  oftheglafs,  that  when  looked  at 
were  white,  appeared  black  on  looking  through  the 
glafs  ;  and  on  the  contrary,  thofe  which  appeared 
black  in  the  firft  inftance,  appeared  white  in  the 
fecond;  and  fo  of  the  other  colours,  which  you  will 
more  readily  comprehend  by  confidering  this 
AB,  CD,  fig.  17,  pi.  7,  reprcfent 
touch  at  E;  the  black  lines 
c  re  the  diftances  between  the 
Alliances  from  the  center, 
a  coloured  ring ;  the 


figure,  where 
the  glafle* 
traced 
two  furfaci 
each  djftam 
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colours  written  above  are  thofe  feen  by  refle&ed 
light ;  thofe  underneath,  are  the  colours  exhibited 
by  tfranfmitted  light.  Newton  has  ihewn,  that 
the  rays  of  any  particular  colour  are  .  difpofed 
to  be  refle&ed,  when  the  thicknefles  of  the 
plate  of  air  are  as  the  numbers  i,  3,  5,  7,  9,  n, 
&c.  and  that  the  fame  rays  are  difpofed  to  be 
tranfmitted  at  the  intermediate  thicknefles,  which 
are  as  the  numbers  o,  2,  4,  6,  8,  10,  &c. 

The  places  of  reflection  or  tranfmiflion  of 
the  feveral  colours  in  a  feries,  are  fo  near  each 
other,  that  the  colours  dilute  each  other  by  mix- 
ture ;  whence  the  number  of  feries,  in  the  open 
day-light,  feldom  exceeds  7  or  8.  But  if  the  fyf- 
tem  be  viewed  through  a  prifm,  by  which  means 
the  rings  of  various  colours  are  feparated,  accord- 
ing to  their  refrangibility,  they  may  be  feen  on 
that  fide  towards  which  the  refra<5lion  is  made,  fo 
numerous  that  it  is  impoffible  to  count  them. 
Or,  if  in  a  dark  chamber  the  fun's  light  be  fe- 
parated into  it's  original  rays,  by  a  prifm,  and  a 
ray  of  One  uncompounded  colour  be  received 
upon  the  two  glafles,  the  number  of  circles  will 
become  very  numerous,  and  both  the:  reflected  and 
tranfmitted  light  wiil  remain  of  the  fame  co- 
lour as  the  original  incident  ray.  This  experiment 
Ihews,  that  in  any  feries,  the  circles  formed  by  the 
lefs  refrangible  rays  exceed,  in  magnitude,  thofe 
which  are  formed  by  the  more  refrangible ;  and, 
confequently,  that  in  any  feries,  the  more  refran- 
gible rays  are  reflected  at  lefs  thicknefles  than 
thofe  which  are  lefs  refrangible. 

Water  applied  to  the  edges  of  the  glafs,  is 
attracted  between  them ;  and,  filling  all  the  in- 
terceded fpace,  becomes  a  thin  plate  of  the 
fame  dimenfions  as  that  which  before  was  con- 
ftituted  of  air:  in  this  cafe,  the  circular  rings 
grew  lefs,  and  the  colours  were  fainter,  but 
4  not 
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not  varied  in  fpccics.  They  were  contracted  in 
diameter,  nearly  in  proportion  of  7  to  8,  and 
confequently,  the  intervals  of  the  glafles,  at  fimilar 
circles,  as  caufed  by  thefe  two  mediums,  are  as 
about  3  to  4 ;  that  is,  as  the  fines  of  refradlion 
put  of  water  into  air. 

I  have  already  mentioned  to  you  the  variety 
of  colours  produced  by  bubbles  blown  in  foap- 
water :  but,  as  thefe  colours  are  commonly  too 
much  agitated  by  the  external  air  to  admit  of 
any  certain  obfervation,  it  is  neceflary  to  cover 
the  bubble  with  a  clear  glafs,*  in  which  iituation 
you  will  find  the  following  appearances  :  the  co- 
lours emerge  from  the  top  of  the  bubble,  and 
as  it  grows  thinner,  by  the  fubfidence  of  the 
water,  they  dilate  into  rings  parallel  to  the  ho- 
rizon, which  defcend  (lowly,  and  vanilh  fucCeflively, 
at  the  bottom.  This  emergence  continues  till 
the  water  at  the  upper  part  of  the  bubble  be- 
comes too  thin  to  reflect  the  light,  at  which 
time,  a  circle  of  an  intenfe  blackncfs  appears  at 
the  top,  which  fiowly  dilates,  fometimes  to  three 
quarters  of  an  inch  in  breadth,  before  the  bubble 
breaks.  Reckoning  from  the  black  central  fpot, 
the  reflected  colours  arc  the  fame,  in  fucceflion 
and  quality,  as  thofe  produced  by  the  afore- 
mentioned plate  of  air;  and  the  appearance  of 
the  bubble,  if  viewed  by  tranfmitted  light,  is 
fimilar  to  that  of  the  platq  of  air,  in  like  circum- 
ftanccs. 

Take  very  thin  plates  of  talc,  or  Mufcovy 
glafs,  that  exhibit  thefe  colours ;  then,  by  wetting 
the  plates,  the  colours  remain  as  before,  but  be- 
come more  f  '  ~~xl  languid,  efpecially  when 
wetted  on  the  "  ie.     So  that  the  thicknefs 

of  any  plate,  fco  produce   any   colour, 

feems 

•  VkhoIlp»'«  1*  hy,  vol*  u  ^%  t&v 
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feems  to  depend  only  on  the  denfity  of  the  plate, 
not  on  the  denfity  of  the  inclofing  medium.  But 
the  colours  are  more  vivid,  as  their  denfities  are 
different. 

If  two  pieces  of  plate-glafs,  or  even  common 
glafs,  be  previoufly  wiped,  and  then  rubbed  to- 
gether, they  will  foon  adhere,  with  a  confider- 
able  degree  of  force,  and  exhibit  various  ranges 
of  colours,  much  broader  than  thofe  obtained  by 
lenfes.  One  of  the  moft  remarkable  circumftances 
attending  this  method  of  making  the  experiment, 
is  the  facility  with  which  the  colours  may  be 
removed,  or  even  made  to  difappear,  by  heats 
too  low  to  feparate  the  glafles.  A  touch  of  the 
finger  immediately  caufes  the  irregular  rings  of 
colours  to  contrad:  towards  their  center,  in  the 
part  touched. 

From  thefc  experiments  it  appears  plain, 
that  the  colours  of  bodies  depend,  in  fome  de- 
gree, upon  the  thicknefs  and  deniity  of  the  par- 
ticles that  compofc  them. 

Hence,  if  the  denfity,  or  fize  of  the  parti- 
cles, in  the  furface  of  a  body,  be  changed,  the 
colour  is  likewife  changed. 

When  the  thicknefs  of  the  particles  of  a  body 
is  fuch,  that  one  fort  of  light,  or  one  fort  of 
colour,  is  reflected ;  another  light,  or  other  co- 
lours, will  be  tranfmittcd  ;  and  therefore,  the  body 
will  appear  of  the  firft  colour. 

A  certain  determinate  thicknefs  feems  to  be 
neccflary  in  a  plate  of  water ;  for  example,  in 
order  to  reflect  a  particular  colour,  and  a  different 
thicknefs,  to  make  it  refledt  any  other  colour; 
and,  in  general,  that  a  lefs  thicknefs  is  neceflary, 
to  refledt  the  moft  refrangible  rays,  as  violet  and 
indigo,  than  thofc  which  arc  lcaft  refrangible,  as 


red  and  orange 
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The   particles  of  bodies  refled  rays  of  one 

Rour,  and  tranfmit   thofe  of  another:  and  this 
tie  ground  of  all  their  coloutt. 
sipnt  State  into  which  a  Ray  of 
LlOII  r,  in   n's  Passage  through  any 

REF      •  URt  ACE,  WrflCII,    IN  THE   PROGRESS 

OF   THE     RAYj     RETURNS    AT     tQ^JAL  INTERVALS  ; 
AND  DISPONES   THE    RaY,   AT    BVEfcY    RETURN,   TO 

(IE    TRANSMITTED,   AND   BETWEEN     THE  Rl 
"O   BE  REFLECTED  TO  IT. 
In  order  to  account  for  the  interval*  of  the 
aurcd  rings  in  th..  1   plates,  and  alfo  all 

er  cafes  of  the  rcfle&ion  or  tranfmiflion  of 
ght,  Sir  Ifaac  Newton  advances  an  hypothefis  ; 
but,  like  a  wife  man,  and  cautious  philofopher, 
he  profefles  not  to  lay  much  ftrefs  upon  it,  though 
he  feems  not  to  entertain  any  fufpicion  of  it's 
truth.  Indeed,  it  feems  to  be  a  kind  of  fair  in- 
ference from  the  preceding  experiments. 

The  hypothecs  is  this :  that  every  ray  of  light 
is,  at  it's  firit  cmiffion  from  the  luminous  body, 
put  into  a  tranjient  jiaie  or  confutation^  which,  in 
it's  progrefs,  returns  at  equal  intervals,  difpofing 
it,   at  every   return,   to  be  calily  tranfmitted  into 
any  rcfrafting  fur  face  it  may  meet  with;  whereas 
in    the  intervals  between  thefe  returns,   it  is  dif- 
pofed    to  be  eafily   reflected;  fo  that,   upon   the 
arrival  of  a  number  of  rays  of  light  at  the  ft  r- 
face  of  every  medium,  thofe  of  them  in  which 
they  were  difpofed  to  be  tranfmitted  eafily,  would 
pals  the  interval  between  the  two  mediums  ;  and 
thofe  which  were  in  a  contrary  ftate,  would  be  re- 
flected ;  on  which  account,  fome  light  is  generally 
reflected,  and  fome  tranfmitted,  at  every  different 
furface  on  which  it  falls.    7  hole  liates,  into  which 
the  rays  of  light  are  pur,  he  calls  jits  of  cafy  re- 
flcHion  and  tranfmifjion. 

Vol,  11  Dd  This 
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more  particularly  arifcs  from  the  light  which 
drefles  them  in  their  various  beauty.  Thus  the 
ruby  abforbs  the  grefcn,  the  blue,  and  the  violet ;  but 
reflects  the  red-making  rays  to  our  eye,  with  all 
their  prifmatic  hiftre.  The  artiethyft  imbibes  the 
ftronger  rays,  and  gives  back  the  violet  with  milder 
fcrightnefs.  The  jonquil  gives  us  only  yellow, 
and  the  hyacinth  it's  vivid  blue.  Every  coloured 
object  may  be  thus  regarded  as  a  partial  divider 
of  the  rays,  feparating  one  or  more  colours,  and 
.confounding  aB  the  reft. 

Thofe  furfaces  of  tranfparent  bodies,  whicb 
have  the  greateft  refradting  power,  reflect  the 
greateft  quantity  of  light.  In  other  words,  bo- 
dies,  by  which  the  light  is  more  rcfraded,  do 
likewife  more  ftrongly  rcfle&  it.  Diamonds,  *  hich 
refradt  the  light  very  ftrongly,  give  it,  in  propor- 
tion, a  ftronger  refle&ion  :  hence  proceed  the 
vivacity  of  their  colours,  and  their  fparkling 
hiftrc. 

The  analogy  between  rcfradtion  and  reflec- 
tion wilf  appear,  by  confidcring  that  the  moft 
ycfra&ivc  medium  totally  reflc&s  the  rays  of 
light,  at  certain  degrees  of  incidence.  But  the 
truth  of  the  proportion  further  appears,  by  ob- 
ferving  the  tranfparent  bodies,  fuch  as  air,  water, 
oil,  glafs.  Jfland  cryfta},  white  tranfparent  arfc- 
nic,  and  diamond,  have  a  ftronger  or  weaker  re- 
flection, according  to  the  greater  or  lefs  refrac- 
tive powers  of  the  mediums  that  are  contiguous 
to  them.  Thus  at  the  confine  of  air  and  fal  gem, 
it  is  ftronger  than  at  the  confine  of  air  and  water; 
and  ftilt  ftronger  between  common  air  and  glafs; 
ft  ill  more  fo  between  air  and  a  diamond.  If  an) 
of  thefe  be  immerfed  in  water,  it's  rcfledion  be- 
comes weaker  than  before ;  and  it  is  weaker  ftill, 
if  it  be  immerfed  in  liquors  of  a  greater  refrac- 
tive power.    If  water  be  divided  into  two  parts,  l 

by 
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by  any  imaginary  furface,  there  is  no  refle&ion  at 
the  confines  of  thofe  two  parts ;  and  for  the  fame 
reafon,  there  can  be  no  (enfiblc  reftcdion  in  the 
confine  of  two  glaffes  of  equal  denfity.  The  rea- 
fon, therefore,  why  all  pellucid  mediums  have 
bo  fenfible  reflexion  but  at  their  external  furfaccs, 
where  they  are  contiguous  to  mediums  of  dif- 
ferent denfities,  is,  that  their  contiguous  parts 
have  precifely  tlte  fame  degree  of  denfity. 

The  haft  farts  of  all  bodies,  though  feemingly 
void  of  tranfparency,  when  viewed  in  the  grofs, 
will  be  found,  if  taken  feparatdy,  to  be,  in  fomc 
meafure,  tranfparent :  and  the  opacity  arifes  from 
the  multitude  of  reflexions  caufed  in  their  internal 
put*.  This  observation  will  be  eafily  granted  by 
fhofe  who  have  been  convcrfant  with  microfcopes; 
for  there  they  are  found  to  be,  for  the  mod  part, 
tranfparent.  Nothing  feems  more  opake,  and  free 
from  tranfpareacy,  than  the  cloaths  you  wear. 
Yet  let  us  only  examine  one  of  the  woollen  hairs 
that  go  into  it's  compofition,  with  a  microfcope, 
and  you  will  find.it  to  be  nearly  tranfparent.  Gold, 
in  the  mafs,  lets  no  light  pafs  through  it ;  but  if 
beaten  out  extremely  thin,  we  (hall  then  fee  that 
it's  parts  are  tranfparent,  like  other  bodies.  If 
held  over  a  hole,  in  a  darkened  window,  it  will 
appear  of  a  grcenifli  hue.  If  gold  be  compofed 
of  tranfparent  parts,  we  may  fureiy  conclude  the 
lame  of  other  bodies  :  and,  indeed,  you  will  find 
very  few  which,  if  reduced  to  fufficient  thinnefi, 
and  applied  to  the  hole,  but  what  are  manifcltly 
tranfparent. 

Since  light  finds  a  free  paflagc  through  the 
lead  particles,  we  arc  to  inquire  what  renders  them 
opake ;  and  this,  by  Sir  Ifaac  Newton,  is  attri- 
buted to  the  multitude  of  reflections  and  refrac- 
tions which  take  place  in  it's  interior  parts ;  there 
being,   between  the  purts    of  ojjakc  or  coloured 
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bodies,  a  number  of  fpaces,  Riled  with  medium 
of  a  different  denfity  from  that  of  the  bodv,  u 
water  between  the  tinging  corpufcles  with  which 
any  liquor  is  impregnated ;  air  between  the  aque- 
ous globules  that  con  it  ku  re  clouds  and  mifts,  &c, 
Thcfe  fpaces  cannot  be  travelled  by  light,  without 
refracting  or  rcficfting  it  in  various  ways,  by 
which  it  is  prevented  from  pafling  on  in  a  Ituit 
line,  which  it  would  do  if  the  parts  were  cob* 
tinuous,  without  any  fuch  inter  ft  ices  between 
them  |  for  you  have  already  learned,  that  reflec- 
tions are  only  made  at  the  firperficies  of  mediums 
of  different  de  nil  ties.  The  opacity  of  bodies 
arifes,    therefore,  from  the  difconrinuity  of  it'i 

f  sanities,  and  the  different  denfity  of  the  interven* 
jig  mediums,  and  their  panicles* 

This  notion  of  opacity  is  greatly  confirmed 
by  confident,  that  opakc  bodies  become  trans- 
parent by  filling  up  the  pores  with  any  fubltancc 
of  nearly  the  fame  denfity  with  their  parts.  Thus 
when  paper  U  wet  with  oil  or  Mater,  or  when 
linen  cloth  is  dipped  in  water,  oiled,  or  varniftedt 
or  the  oculu*  mundi  fteeped  in  water,  &c«  they 
become  more  iranfparent  than  they  were  before: 
as  filling  the  pores  of  *n  opake  body  makes  it 
tran fparent,  fi\  on  the  other  hand,  evacuating  the 
porei  of  a   tranfparent   body,   or   feparating  it's 

t>,urs   trndcrs  it  opakei  as  falts,  or  wet    paper, 
>s    htlttg  dried;  horn/by  beimr  fc raped.;   glafc, 
4>\  bt  Ino  educed  10  powder,  or  otherwife  flawed; 
turpi  niirir,  by  being  ftirmi  about  with  water,  till 
mi*  inuierfcftlfj  and  water,  by  being  formed 

Iiftfl)    I  mall  bubbles,  either  in   the  form  of 

fruih,     i.    by  fliaking  it  together  with  oil  of  tur- 
rtf,  fli    fomc  other  convenieoc   liquor,    widl 
V\\\\  l»  H  \\\U  not  incorporate, 

1 l»n»  c,  then,  it  is  in  homogeneity  you  are  ft 
4viK   tvi   i  he  caufc  of  tranfparency.     If  the* 
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many  pores  in  a  body,  and  thcfc  be  filled  with  a. 
matter  differing  much  in  denfity  from  the  body 
itfelf,  the  light  will  meet  with  a  thoufand  refrac- 
tions and  reflections  in  the  internal  parts,  and  will 
thus  be  utterly  cxtingiiifhcd. 

The  parts  of  bodies,  and  their  interfaces, 
muft  not  be  lefs  than  fome  definite  fixe,  to  be- 
come  opake  and  coloured. 

For  the  moft  opake  bodies,  if  their  parts  be 
Sufficiently  divided,  as  metals,  by  being  difTolvcd 
in  acid  menftnia,  &c.  become  perfectly  trans- 
parent. And  you  may  remember,  that  the  black 
Ipot,  near  the  point  of  contadt  of  the  two  plates 
of  glafs,  tranfmitted  the  whole  light  where  the 
glades  did  not  abfolutcly  touch  ;  and  the  rcHe&ioa 
at  the  thinneft  part  of  the  foap  was  fo  infcnfiblc 
a?  to  make  that  part  appear  intenfely  black,  by 
the  want  of  reflected  light. 

On  'thcfc  grounds  it  is,  that  water,  fait,  glafs, 
ftoncs,  &c.  arc  tranfparent,  for,  from  many  con- 
siderations, they  feem  to  be  as  full  of  pores  as 
■other  bodies  arc,  yet  their  particles  and  pores 
are  too  fmali  to  caufc  reflection  in  their  common 
fur  faces. 

The  tranfparent  parts  of  bodies,  according 
to  their  fevcral  fizes,  muft  rcflcdl  rays  of  one  co- 
lour, and  tranfmit  thofc  of  others,  on  the  fame 
principle*  that  thin  pjatcs  or  bubbles  do  refledt  or 
tranfmit  thcfc  rays;  and  this  fcems  to  be  the  ground 
<j£ all  their  colours. 

That  they  do  fo,  is  plain  from  various  obfer- 
vations;  and  it  is  on  thefe  principles  you  may 
explain  the  variety  of  colours  fecn  in  fome  iilks, 
on  pigeons'  necks,  peacocks'  nils,  and  the  fea- 
thers of  other  finely  coloured  birds.  If  you  fix 
your    eye  *    pigeon's    neck,    and    both    be 

Jcept   at  ''  colour   is  obfr       '  '":    but 

"~  pother  the  lattel  Fercnt 


408     Lectures  on  Natural  Philosophy. 

colour  may  be  feen.  Shady  filks  arc  woven,  with 
threads  of  different  colours ;  one  arranged  longi- 
tudinally, the  other  tranfverfcly;  and. as  the  greater 
or  lefs  proportion  of  either  of  thefc  appears,  fo 
one  or  the  other  of  the  colours  will  prevail.  Wet 
thefc  double  coloured  objects,  dip  the  variegated 
feather  in  water,  or  the  changeable  (ilk  in  oil,  their 
reflections  will  be  lefs  vivid,  and  they  will  return 
but  one  uniform  (hade  of  colouring.  The  fkinof 
the  camclion  is  tranfparent,  it's  ground  being  be- 
tween a  pale  red  and  yellow,  coloured  with  a  number 
of  fmalf,  fmooth  protuberances  of  cold,  blujfh 
Colour.  It  is  endowed  with  a  faculty  of  blowing 
up  or  contradting  it's  {kin  at  will.  This  caufes 
tne  different  colours,  in  appearance,  to  vary :  it, 
therefore,  fometimes  appears  reddifli,  at  ethers,  \ 
blue  :  the  yellow  rays  of  the  ground,  occafionally 
mixing  with  the  blue  of  the  protuberances,  pro- 
duces the  idea  of  green ;  and  when  placed  on  a  red 
or  ytllow  fubftancc,  it's  natural  colours  are  uiu. 
avoidably  heightened. 

It  is  evident,  from  various  phenomena,  that 
a  great  proportion  of  the  fainter  coloured  rays 
are  Hopped  in  their  palTagc  through  the  atmo- 
iphcre, and  are  thence  reflected  upon  other  bodies; 
while  the  red  and  orange  rays  are  tranfmittcd  to 
greater  diftanccs.  This  circumftance  explains  the 
blue  lhadows  of  bodies,  the  blue  colour  of  the 
(ky,  and  the  red  colour  of  the  clouds,  when  the 
fun  is  near  the  hqrizon. 

At  certain  times,  when  the  fky  is  clear  and 
ftrene,  in  the  morning  and  the  evening,  the  Sha- 
dows call  from  opakc  bodies  have  been  obferved 
ro  be  tinged  with  blue  and  green.  This  circum- 
ftanre  naturally  rcfults  from  the  minute  particles 
i»t  the  atmofphere  rcflc&ing  the  delicate  and  moft 
refrangible  rays,  the  blue  and  violet,  for  inflance; 
Villi?  h  occaficn:  a  predominance  of  thefe  colours. 

The  j 
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The  blue  colour  of  the  Iky  is  accounted  for 
on  the  fame  principles ;  namely,  the  copious  re- 
flection of  the  blue  rays,  by  the  atmofphere,  which 
produces  the  effedt  of  an  arcFf  of  that  colour,  all 
around  us.  This  is  occalionally  diverfified  by  the 
vapours'  greater  denfity,  which  refled  the  ftronger 
rays. 

The  coloured  clouds,  in  particular,  which  ap- 
pear towards  the  morning  and  evening,  when  the 
fun  is  in  or  near  the  horizon,  are  to  be  attri- 
buted to  the  fame  caufe.  The  rays  of  light  tra- 
veling a  vaft  extent  of  atmofphere ;  the  fainter 
and  more  delicate  rays,  as  thebiue  and  violet,  arfc 
detached  by  repeated  reflections  of  the  atmofpht- 
ric  particles;  and  the  ftronger  rays,  as  the  red; 
the  orange,  &c.  are  permitted  to  proceed,  and 
reach  the  clouds,  from  whence  they  are  reflected. 
Agreeable  to  this  theory,  you  may  obferve,  that 
the  fun's  horizontal  light  is  fometimes  fo  deeply 
tin&ured  with  the  red,  that  objects  illuminated 
by  it  frequently  appear  of  a  bright  orange,  and 
even  red.  It  is  obfcrvable,  that  the  clouds  do 
not,  in  common,  aflame  their  brighter  dyes  till 
the  fun  is  fome  minutes  fet,  and  that  they  pafs 
from  yellow  to  a  flaming  gold  colour ;  and  thence, 
by  degrees,  to  red,  which  becomes  deeper  and 
deeper,  till  the  fun  leaves  them  altogether,  till  at 
length  the  difappearance  of  the  fun  leaves  them 
of  a  leaden  hue,  by  the  rcflc&ion  of  the  blue 
light  from  the  air.  A  fimilar  change  of  colour 
is  obferved  on  the  fnowy  tops^of  the  Alps ;  and  the 
fame  may  be  feen,  though  lefs  ftrongly,on  the  eaftcrn 
and  weftern  fronts  of  white  buildings :  St.  Paul's 
church,  London,  is  a  good  objeft  of  this  kind, 
and  is  often,  at  fun-fet,  tinged  with  a  confider- 
able  degree  of  rednefs.  What  makes  the  far 
Colours  more  rich  and  copious  in  the  clouds, 

th< 
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their  femi-tranfparency,  joined  with  the  obliquity    I 
of  their  fituation. 

It  is  probably  the  fame  coloured  light,  which 
being  thrown,  by  the  refraction  of  the  atmofphere, 
into  the  fliadow  of  the  earth,  ^fomc  times  gives 
the  moon,  in  a  total  eclipfe,  the  obfeure,  reddiih 
colour  of  brick.  I;or  the  fame  reafon,  the  colour 
of  the  moon  will  vary  in  eclipfes,  according  to. 
the  extent  of  the  atmofphcre  the  rays  haye  td 
traverfe, 

Mr.  DemvaL's  Account   of    tiie    Permanent 
Colours  oi-  Opake  Bodies. 

I  (hould  leave  this  fubjeft  very  incomplete,  if 
1  did  not  give  you  fome  account  of  the  ingenious 
obfervations  of  Mr.   Delay al,    extracted  from  a 

IDapcr  communicated  by  him  to  the  Literary  and 
fhilofophical  Society  of  Manchcfier,  and  publilhcd 
in  the  fecond  volume  of  their  memoirs,* 

Mr.  Delaval  was  led  to  this  fubjert,  from  a 
perflation  of  it's  utility  to  thofc  intcrcfting  and 
elegant  arts,  uhofe  object  is  the  preparation  and 
life  of  colcirii:^  fuhf'anccs:  jiflly  obfervinp-,  that 
our  views  of  experimental  philolbphy  fhould  no: 
be  confined  to  theory  alone,  but  directed  alio  tq 
it's  practical  application. 

For,  in  propcition  as  tac  principles  of  any 
frience  are  imknov,  n  or  mifconceived,  the  advance- 
ment cf  the  arts,  and  manufactures  which  depend 
01  them,  mull,  of  courfe,  be  impeded;  for, 
without  thofc  [;u:d  .s,  neither  mueh  addition,  nor 
any  impiovcn-enr,  is  to  be  cxpcvflcd.  But  when 
Licntii.c  prineiplc.-;  arc  difclokd  to  the  artilt,  he 

is 

*  'Jhcic  !s  anotl.cr  woik  cf  Mr.  Dcl:i\\«l,  written  previous 
tp  i^«i  |»oj)ci,  w  h.^ii  is  wtil  w4-!!hihc  uiicfrr's  attention:  it  i* 
*nlitlcr.  k*  -\:»  l".*^:.  n:i  cr.iul  I  u  ■  *>'.  I  y  :r.h:  !  hrCdulcs  ail<lChiftD£Gft     4 
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enabled  to  draw,  from  thofe  original  fources, 
ample  ftore  of  ufeful  inventions,  by  which 
5  art  is  enriched ;  and  thus,  the  fpcculative 
inccs,  by  their  extenfion  to  pradical  purpofes, 
ome  objects  of  great  public  utility. 

The  arts  of  colour-making  and  dyeing  were, 
very  remote  ages,  carried  to  the  height  of  perfect 
n,  in  the  countries  of  Phoenicia,  Egypt,  Paleitine, 
lia,  &c.  The  inhabitants  of  thofe  countries  ex- 
led,  alfo,  in  the  art  of  imitating  gems,  and 
ging  glafs  and  enamel  of  various  colours, 
e  colours  ufed  in  very  ancient  paintings,  were 
various  as  thofe  now  in  ufe,  and  greatly  fupe- 
r  both  in  beauty  and  durability.  The  paint* 
d  by  Apelles  were  fo  bright,  that  he  was  obliged 
glaze  his  pictures  with  a  dark  coloured  varniftv 
:  the  eye  ftiould  be  offended  by  their  brightnefs : 
1  even  thefe  were  inferior  to  what  had  been  ufed, 
ongnhe  ancient  Egyptians.  Notwithstanding 
s  perfe&ion  in  dyeing  and  colours,  we  find  the 
ecians  and  Romans  continually  degrading  the 
ful  arts.  You  may  confider  this  as  one  of  the 
>ft  ftriking  characters  that  diftinguifh  the  phi- 
3phy  of  the  ancients  from  that  of  th^  morWns. 
e  ancients  being  chiefly  engaged  in  Speculations, 
.t  might  procure  them  rcfpe<5t,  and  attract  ap- 
.ufe,  thought  the  ufeful  arts  uiworthy  their  ac- 
ition :  whereas  the  moderns  have  cultivated  and 
>moted  the  ufeful  arts;  and  we  find,  the  Aca- 
"ny  of  Sciences  of  Paris,  attempting  to  flied 
r  light  of  fcience  upon  the  arts,  by  publiihing  a 
cription  of  them,  grounded  on  the  elevated 
a,  that  the  induftry  of  a  nation  cannot  fail  to 
enlightened  and  increafed  by  a  free  communi- 
ion  of  ail  the  proceffes  it  ufes  ;  and  that  the 
rifices  it  makes,  by  this  publicity,  *r  :n  ~'er  be 
yply  fompf~  ~      *  *""?  the  advantages  i  es.* 

^  it 
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But  why  need  we  go  to  academies,  when  we  have 
a  fairer  and  better  example  in  our  Lord  and  Sa- 
viour ?  an  example  which  ftiould  teach  you  to 
avoid  the  philofophical  pride  of  the  gentile,  and 
the  pharifaical  Jclf-fufficiency  of  the  modern  in- 
fidel. Of  our  Saviour  we  read,  that  having  in- 
created  in  wifdem,  he  went  about  doing  good. 
Jrlis  learning  produced  not  a  morofe  felf-compla- 
cency,  but  a  lovely  affability,  and  a  defire  to  teach 
others  the  glad  tidings  of  joy.  The  treafures  of 
wifdom  were  not  fuffered  to  ruft  and  canker, 
locked  up  from  the  public  by  a  fupercilious  re- 
fervedaefs ;  but  out  of  them  he  continually  dif- 
pcrfed  abroad,  and  gave  to  the  poor  in  fpirit. 
The  fun,  at  it's  rifing,  found  him  engaged  in  this 
great  work  ;  and  after  it  was  fet,  his  time  was  en- 
gaged in  praying  for  thofe  whom  his  days  were  em- 
ployed in  teaching. 

The  changes  of  colourj  in  permanently  co- 
loured bodies,  arc  produced  by  the  fame  laws 
which  take  place  in  tranfparent  colourlcfs  fub- 
ftances ;  and  the  experiments,  by  which  they  can 
be  inveftigatcd,  confift  of  various  methods  of  unit- 
ing the  colouring  particles  into  larger,  or  dividing 
them  into  fmalier  mafTcs. 

Sir  I.  Newton  made  his  experiments  chiefly 
on  tranfparent  Xubftanccs;  and  in  the  few  places 
where  he  treats  of  others,  acknowledges  his  defi- 
ciency of  experiments.  He  makes  the  following 
remark  on  thofe  bodies  which  reflcft  one 
kind  of  light,  and  tranfmit  another;  vix. 
"  that  if  thefc  glafles  or  liquors  were  fo  thi^ 
ft  and  mafT/,  that  no  light  could  get  through 
"  them,  he  queftions  whether  they  would  not, 
"  like  other  opakc  bodies,  appear  of  one  and 
•'  the  fame  colour,  in  all  policions  of  the  eye, 
•'  though  he  could  not  yet  affirm  it  from  cx- 
#:  periencc."      It    was  an  opinion   of  this  great 

philofo- 
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philofopher,  that  all  coloured  matter  refle&s  the 
rays  of  light;  fome  rcfledting  copioufljr  the  more, 
others  the  lefs  refrangible  rays.  He  was,  like- 
wife,  of  opinion,  that  opake  bodies  rcflcd  the 
light  from  their  anterior  furface,  by  fome  power  ' 
of  the  body,  evenly  diffufed  over,  and  external 
to  it.  With  refpett  to  tranfparent  coloured  li- 
quors, he  fays,  that  a  tranfparent  body,  which 
looks  of  any  colour  by  tranfmitted  light,  may 
alfo  look  of  the  fame  colour  by  reflected  light ; 
the  light  of  that  colour  being  reflc&ed  by  the 
farther  furface  of  that  body,  or  by  the  air  beyond 
it;  and  then  the  reflcftcd  colour  will  be  dimi- 
nifhed,  and  perhaps  ceafe,  by  making  the  body 
very  thick,  and  pitching  it  on  the  back  fide,  to 
diminifh  the  reflections  of  it's  farther  furface, 
fo  that  the  light  reflected  from  the  tinging  par- 
ticles may  predominate.  In  fuch  cafe,  the  re- 
flected light  will  be  apt  to  vary  from  that  which 
was  tranfmitted. 

To  inveftigate  the  truth  of  thefc  opinions* 
Mr.  Delaval  entered  upon  a  courfe  of  expe- 
riments, with  tranfparent  coloured  liquors  and 
glafles,  as  well  as  with  opake  and  femi-tranfparent 
lubftanccs.  From  thefe  he  found,  that  in  tranf- 
parent coloured  fubftances,  the  colouring  matter 
does  not  reflell  any  light ;  and  when,  by  intercept- 
ing the  light  which  was  tranfmitted,  it  is  hin- 
dered from  pafling  through  fuch  fubftances,  they 
do  not  vary  from  their  former  colour  to  any 
other,  but  become  entirely  black. 

As  this  incapacity  of  the  colouring  particles 
of  tranfparent  bodies  to  refledt  light,  was  deduced 
from  \cry  numerous  experiments,  it  may  be  con- . 
fxdered  as  a  i;cn*1^1aw.     It  will  appear  the  more^ 
exteniivc,  if  l  Ifckr  that,  for  the  moft  partj  ' 

the    tinging  1  •     ^tranfparent    fubftancc* 

extracted  nj  ^lies  j  that   the  opakel 
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bodies  owe  their  colour  to  thefe  particles,  as  well 
as  the  tranfparent  ;  and  that  by  the  lofs  of  them 
they  are  deprived  of  their  colours. 

For  making  his  experiments,  Mr.  Delaval  ufei 
fmall  vials  of  flint-glafs,  fimilar  to  that  in  my 
hand  ;  the  form  is  that  of  a  parallelopiped,  the 
height  exclufive  of  the  neck  is  about  2  inches,  the 
bafe  about  an  inch  fquare,  the  neck  2  inches  long. 
The  bottom  and  three  fides  of  each  of  thefe  vials 
was  covered  with  a  black  varnifti;  the  cylindrical 
neck,  and  the  anterior  fide,  except  at  the  edges, 
being  left  uncovered.  He  was  careful  to  avoid  any 
crevices  in  the  varnilh,  that  no  light  might  be  ad- 
mitted, except  through  the  neck  or  anterior  fide  of 
the  vials. 

The  vials  fhould  be  perfectly  clean,  and  thofe 
liquors  that  depofit  a  fediment  ihould  not  be  put 
into  the  vials,  but  at  the  time  when  the  experi- 
ments arc  to  be  made.  The  uncovered  fide  of  the 
vials  fliould  not  be  placed  oppofice  to  the  window 
where  the  light  is  admitted,  becaufe  in  that  fitua- 
tionthe  light  would  be  reflected  from  the  fartheft 
fide  of  the  vial  ;  fmooth  black  fubftances,  reflect- 
ing light  powerfully,  arc  bed  fituated  when  the 
uncovered  fide  forms  a  right  angle  with  the  win- 
dow. 

Taking  all  thefe  precautions,  he  viewed  a  great 
number  of  folutions  both  of  coloured  metallic  fait, 
and  of  the  tinging  matter  of  vegetables,  obferving 
that  the  colour  by  reflection  was  black,  whatever 
it  might  be  when  viewed  by  tranfmitted  light.  If 
thefe  colours  were,  however,  fprcad  thin  upon  a 
white  ground,  they  appear  of  the  fame  colour  as 
when  viewed  by  tranfmitted  light ;  but  on  a  black 
ground  they  afford  no  colour,  unlefs  the  black  body 
be  polilhed,  in  which  cafe  the  reflection  of  Jight 
through  it  produces  the  fame  effect  as  tranf- 
roiflioxi. 

The 
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The  experiments  made  with  coloured  glafTes, 
:re  in  many  refpeds  analogous  tothofe  with  trail - 
arcnt  colons  cd  liquors.  1  or  thefe  he  made  fevcraf 
reels  of  colourlefs  glafs,  compofed  of  borax  and 
lite  fand.  The  gb.fs  was  reduced  to  powder,  and 
rcrwafds  ground  together  with  the  ingredients, 
•  which  the  colour  was  to  be  imparted  ;  a  me- 
od  ik  found  preferable  to  the  ufual  mode  of 
iging  glafles,  as  they  became  little  inferior  in 
ftrc  to  real  gems. 

The  rcfult  of  all  his  experiments  was,  that 
hen  matter  is  of  fuch  thinnefs,  and  the  tinge  fo 
lute,  that  light  can  be  tranfmitted  through  it„ 
le  glafles  then  appear  vividly  coloured  ;  but  when 
ley  are  in  large  malFes,  and  the  tinging  matter  i«i 
nore  denfely  diffufcJ  through  them,  they  appear 
>lack,  for  thefe  as  well  as  the  tranfparent  liquors 
hew  their  colour  only  by  tranfmiiiion. 

Having  in  this  manner  formed  pieces  of  fuch 
glafs,  two  inches  thick,  he  inclofed  them  in  black 
doth  on  all  lides,  e::cept  their  anterior  and  farther 
farfaces.  In  this  iituation  each  of  them  flic  wed  a 
Vivid  colour  when  1  i o;h c  was  rranfmittcd  through 
them,  but  when  the  posterior  furface  was  Iikewifc 
covered  with  the  cloth  to  prevent  the  tranfmiffion, 
ho  other  colour  but  black  was  exhibited. 

From  thcie  phenomena  he  drew  the  following 
inferences  : 

1.  That  the  colouring  particles  dt  not  rcjlcfi aw 

2.  That  a  mcdiuviy  fuch  r.s  is  defcriled  by  I 
L  Newton,  is  dijfufed  over  boll  I  be  anterior  and  p 
iericr  fur  faces  of  the  p/jtes,  thereby  objects  i 
tqually  and  regularly  refeS/ed  as  by  j  mirror. 

*  'Our  author  next  confidcrs  the  colouring  JM 
tfcles  themfclvcs,  pure  and  unmixed  with  otl 
media.  To  procure  maflcs  made  up  of  fuch  par 
cles,  fcvcral  tranfparent  coloured  liquors  were  1 

•     dut 
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duced  to  a  folid  confidence  by  evaporation 
employing  a  gentle  heat  the  colouring  matter 
not  be  injured,  and  may  have  it's  particles  a 
feparated  by  water  or  other  fluids,  and  tinging  them 
as  before.  In  this  date  alfo  the  colouring  particks 
refledt  no  light,  and  therefore  appear  uniformly 
black,  whatever  be  the  fubftance  from  which  they 
may  have  been  extradted. 

He  endeavours  to  prove  by  experiments  cm 
the  colouring  particles  of  opake  bodies,  that  thefc 
colours  are  produced  on  the  above-mentioned 
principles  ;  that  they  feem  black  when  very  denfe, 
but  (hew  their  proper  tinge  when  fpread  thin  upon 
a  white  ground. 

The  green  of  grafs,  and  leaves  of  plants  being 
obtained  by  digefting  them  in  rectified  fpirits  of 
wine,  and  placed  in  one  of  the  above-mentioned 
vials,  the  part  in  the  neck  tranfmitted  the  vivid 
green,  but  that  contiguous  to  the  uncovered  fide 
of  the  vial  was  black. 

After  the  colour  had  been  totally  extracted, 
the  leaves  remained  apparently  unaltered  as  to 
figure  or  texture,  but  were  entirely  white,  or  of  a 
white  tinged  with  brown;  red,  blue,  and  purple 
flowers  were  alfo  digeftcd  with  fpirits  of  wine,  all 
of  which  yielded  their  colouring  matter  to  the 
fpirit,  and  became  white  when  deprived  of  it. 
];rom  mod  of  thefc  flowers  the  fpirit,  however, 
cither  acquired  no  tinge  at  all,  or  only  a  very  faint 
one  ;  but  when  acidulated  it  became  red,  and  bf 
the  addition  of  an  alkali  became  blue,  purple,  or 
green,  according  to  the  quantity  of  the  alkali  and 
the  nature  of  the  inf ufion.  In  thefe  dates  all  of 
them,  when  viewed  by  tranfmitted  light,  or  poured 
upon  a  white  paper,  fhewed  their  colours,  but  uni- 
verfaliy  appeared  black  by  refle&ion.  Other  ex- 
periments were  tried  with  other  flowers,  but  the 
iinal  rcfult  was  the  fame,  no  colour  by  reflexion. 

White 
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White  paper,  linen,  &c.  may  be  tinged  of  any 
bf  thefe  colours,  by  dipping  them  in  the  infufions  ; 
and  the  confideration  of  the  manner  in  which  the 
colours  are  imparted  to  linen,  affords  much  inlight 
into  the  manner  in  which  natural  colours  are 
produced.  It  has  been  already  obferved,  that 
Trhen  the  colouring  matter  of  plants  is  cxtradted 
irom  them,  the  folid  fibrous  parts,  thus  di veiled 
of  their  covering,  difplay  their  natural  whitenefs* 
White  linen,  paper,  &c.  are  formed  of  fuch  fibrous 
vegetable  matter,  which  is  bleached  by  diflblving 
and  detaching  the  heterogeneous  colouring  parti*. 
cles:  when  thefe  therefore  arc  dyed  or  painted 
Mfith  vegetable  colours,  it  is  evident  that  they  do 
not  differ  in  their  manner  of  a&ing  on  the  rays  of 
light  from  natural  vegetable  bodies ;  both  yield 
Jieir  colours  by  tranfmitting  through  the  tranfpa- 
•wit  coloured  matter  the  light  which  is  reflected 
Tom  the  white  ground. 

This  white  matter  ever  exifts  without  any  con- 
iderable  mixture  in  plants  while  they  are  in  a 
\ftt  of  vegetation,  as  cotton,  white  flowers,  the 
31th,  wood,  feeds,  roots,  and  other  parts  of  feverai 
cinds  of  vegetables.  When  decayed  leaves  of  trees 
lave  been  long  expofed  to  the  atmofphcre,  their  co- 
oured  juices  are  fomctimes  fo  perfectly  cxtra&ed 
Jiat  their  fibres  appear  white. 

Mr.  Delaval  has  rendered  afhes  intenjely  white, 
>y  carefully  calcining  them,  and  afterwards  grind- 
ng  with  a  fmall  proportion  of  nitre,  and  expofmg 
hem  to  fuch  a  degree  of  heat  as  would  caufe  the 
litre  to  deflagrate  with  the  remaining  quantity  of 
>hlogiiton.  Laftly,  the  afhes  were  diverted  with 
he  marine  acid,  in  order  to  diflblve  the  ferrugi- 
ious  matter  diffufed  through  them,  and  repeat- 
edly wafhing  the  remainder  in  water. 

Hence  it  would  appear,  that  the  earth  which 
brms  the  fubftancc  of  plants  is  white,  and  fer 

Vol.  II.  E  c 
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blc  from  that  fubftance  which  gives  to  each  it's 
peculiar  colour;  that  whenever  it  is  pure  and  un- 
mixed, or  diftufed  through  colourlefs  media,  it 
fhews  it's  native  whitcnefs,  and  is  the  only  vege- 
table matter  endowed  with  a  native  whitenefs. 
This  white  matter  may  be  difcovcred  by  other 
means  befides  burning ;  thus  rofes  may  be  whitened 
by  expofing  them  to  burning  ftilphur,  and  the 
colour  may  be  again  reftdred  by  the  addition  of  an 
acid  either  mineral  or  vegetable. 

Thus  it  appears  that  the  colouring  matter  of 
the  flowers  is  not  difcharged  or  removed,  but  only 
diffolved  by  the  phlogifton,  and  thereby  divided 
into  particles  too  minute  to  exhibit  any  colour. 
In  this  ftate,  together  with  the  vegetable  juice  in 
which  they  are  diftufed,  they  form  a  colourlefi 
tranfparent  covering,  through  which  the  white 
matter  of  the  flowers  is  fcen  untinged.  The  co- 
louring matter  of  plants  confifts,  according  to  Mr. 
Dclaval,  principally  of  inflammable  matter,  and 
their  folubility  in  and  union  with  phlogifton. 

Colour  is  deftrrjed  rv  the  rays  of  the  fun.  Thus 
dyed  ink  and  o:hcr  iubivances  of  that  kind,  when 
expofed  to  the  inn's  li^h:,  arc  deprived  of  their  co- 
lour in  e\ery  part  un  which  the  rays  arc  allowed  to 
act;  whilit  thole  prefcrvc  their  colours  which  arc 
defended  from  the  li^ht.  The  colours,  thus  ;/,:- 
pdivedy  may  be  reilored,  it  acids  arc  empioved 
while  the  injur)  is  recent. 

In  a  word,  all  Mr.  Delaval's  experiments  (hew, 
that  the  colouring  matter  of  plants  does  not  exhibit 
any  colour  by  reflection,  but  by  tranfmiflion  only; 
that  their  fol id  earthy  fubflancc  is  a  white  nutter, 
and  that  i c  I  ^  this  part  that  has  the  propcrrv  of 
rcflcdion  ;  \\wx  the  colours  of  vegetables  are  pro- 
duced by  the  light  reflected  from  this  white,  and  I 
transmitted  from  thence,  through  the  coloured! 
coat  or  covering  which  is  formed  on  it's  furfitf 
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hy  the  colouring  particles  ;  that  whenever  the  co- 
louring matter  is  cither  difcharged  or  divided  by 
folurion  into  particles  too  minute  to  exhibit  any 
colour,  the  folid  earthy  fubfiance  is  expofed  to 
View,  and  difplays  that  whitcnefs  which  is  it's 
diftinguifhing  chara&criltic. 

Mr.  Delaval  having  fettled  this  point,  next 
proceeded  to  examine  the  coloured  parts  of  animal 
fubftances,  and'  found  them  exactly  iimilar  with 
Regard  to  the  manner  in  which  the  colour  was 
produced,  to  the  vegetable  fubftances  already 
treated  of.  The  tin&urcs  and  infufions  of  cochi- 
neal and  kermes  yield  their  colours  when  light  is 
transmitted  through  them,  but  lhcw  none  by  re- 
flexion: on  diluting  frclh  ox-gall  with  vatcr,  and 
examining  it  in'  the  above-mentioned  phials,  the 

Eart  of  it  viewed  by  tranfmittcd  light  was  yellow  ; 
ut  the  anterior  furface  in  the  lower  part  of  the 
nhial  was  black,  and  reflected  no  colour.  Flcfli 
derives  it's  colour  entirely  from  the  blood,  and  when 
deprived  of  it  the  fibres  and  vcHc-ls  are  perfectly 
white  ;  as  are  likewife  rhe  membranes,  finews,  and 
tones,  when  freed  from  their  aqueous  and  volatile 

Krts.  The  florid  red  colour  of  the  fl«fh  arifc3 
>m  the  light  which  is  reflected  from  the  white 
fibrous  fubttance,  and  tranfmittcd  back  through 
the  red  tranfpar:nt  covering,  formed  by  the  blood 
on  every  part. 

In  like  manner  the  red  colour  of  the  (hells  of 
lobfters  after  boiling,  is  no  more  than  a  mere  fuper- 
'ficial  covering,  fpread  over  the  white  calcareous 
earth  of  which  the  (hells  are  compofed,  and  may 
be  removed  from  the  furface  by  fcraping  or  filing. 
Before  the  application  of  heat  this  lupcriicial  co- 
vering is  much  denfer,  infomuch  that  in  fomc 
^rtsof  thelhcll  it  appears  quite  black,  being  too 
:k  to  admit  the  paflage  of  the  light  to  th*  *>»ell 

^k again;  but  where  this  tranfpari 
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colour  of  the  unboiled  lobfter  is  thinner,  it  con- 
flantly  appears  like  a  blue  film.  In  like  manner 
the  colours  of  the  eggs  of  certain  birds  are  entirely 
fupcrficial,  and  may.  be  fcraped  off,  leaving  the 
white  calcareous  earth  cxpofed  to  view. 

The  cafe  is  the  fame  with  feathers,  which  owe 
their  colours  entirely  to  a  very  thin  layer  of  fomc 
tranfparent  matter  upon  a  white  ground ;  this  was 
afcertained  by  fcraping  off  the  fupcrficial  colours 
from  certain  feathers,  which  were  ftrong  enough 
to  bear  the  operation,  and  which  feparated  the  co- 
loured layers  from  the  white  ground  on  which  they 
have  been  naturally  fpread.  The  lateral  fibres 
cannot  have  their  colours  feparated  in  this  manner; 
but  their  texture,  when  viewed  by  a  microfcope, 
feems  to  indicate  that  their  colours  are  produced 
on  them  by  no  other  means  than  thofe  already  re- 
lated. In  a  word,  he  found  that  in  all  the  animal 
fubjecls  he  examined,  the  colours  were  produced 
by  the  tranfmiihon  of  light-  from  a  white  ground 
through  a  tranfparent  coloured  medium. 

The  coloured  fubitances  of  the  mineral  king- 
dom arc  very  numerous,  and  belong  principally  to 
two  clalfcs,  earths  and  metals  ;  the  former,  when 
pure,  are  all  white,  and  their  colour  arifes  from 
phlogiflic  or  metallic  mixtures.  Calcareous  earths, 
when  indurated,  conrtitutc  marble,  and  maybe 
ringed  with  various  colours  by  means  of  metallic 
iulutions,  all  which  are  limilar  in  their  nature  to 
the  dyes  put  upon  lilk,  cotton,  or  linen,  and  inva- 
riably proceed  from  the  fame  caufe,  the  tranfir.if- 
lion  ot  light  through  a  very  thin  and  tranfparent 
medium.  Hints  arc  formed  from  iiliccous  earths, 
and  owe  their  colour  to  the  ltatc  of  lire  within 
them;  when  fiifiiciently  heated,  they  are  rendered 
white  by  the  lofs  of  the  inflammable  matter  which 
produced  their  colour  ;  when  impregnated  with 
metals,   they    form  agates,  cornelians,  jafper,  lrf 

colour 
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coloured  cryftals.  The  coloured  gemsalfo  receive 
their  different  hues  from  metals,  and  may  be  imi- 
tated by  glafles  tinged  with  fuch  inflammable  or 
metallic  matter  as  entered  into  the  original  fub- 
ftances,  all  exhibiting  their  various  tints  in  the 
fame  manner,  by  the  tranfmiflion  of  light  from  a 
refle&ed  white  ground. 

Even  the  colours  of  metals,  according  to  Mr. 
D.  are  produced  in  the  fame  manner.  Gold  exhi- 
bits a  white  light  tinged  with  yellow  ;  this  is 
grounded  on  an  experiment  of  Sir  I.  Newton,  who 
lays,  that  gold  in  a  white  light  appears  of  the  fame 
colour  as  in  the  day -light,  but  that  on  intercept- 
ing a  due  quantity  of  yellow-making  rays,  it  will 
appear  white  like  iilver,  which  lhcws  that  it's  yel- 
lownefs  arifes  from  an  excefs  of  the  intercepted 
rays,  tinging  that  whitcnefs  with  their  colour  when 
they  are  let  pafs. 

A  folution  of  Iilver  is  pellucid  and  colourlcfs; 
a  folution  of  gold  tranfmits  yellow,  but  refledts  no 
colour.  This  metal,  when  united  to  glafs,  yields, 
no  colour  by  refle&ion,  but  only  by  tranfmiflion. 
All  thefe  circumftanccs  feem  to  indicate,  that 
the  yellow  colour  of  gold  arifes  from  a  yellow 
tranfparent  matter,  which  is  a  conftituent  part  of 
that  metal,  and  that  is  equally  mixed  with  the 
white  particles  of  the  gold,  and  tranfmits  the  light 
reflected  by  them ;  in  like  manner  as  when  filver  is 
gilt,  or  foils  are  made  by  covering  white  metals 
with  tranfparent  colours.  But  thefc  fa&itious  co- 
verings are  only  fupcrficial,  whereas  the  yellow 
matter  of  gold  is  diffufed  throughout  the  whole 
fubftance  of  the  metal,  and  appears  to  envelope 
and  cover  each  of  the  white  particles  ;  the  yellow 
matter  bears  to  the  white  about  the  fame  propor- 
tion that  the  yellow-making  rays,  which  were  in- 
tercepted, bear  to  all  the  other  rays  comprifecj 
1ft  the  whir  ~  he  fun. 

■  3  *fc 
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Sir  Ifaac  Newton  has  (hewn,  that  when  the 
fpaces  or  interfaces  of  bodies  are  repleniftied  with 
media  of  different  denfities,  the  bodies  are  opake; 
that  thofe  fuperficies  of  tranfparent  bodies  reflect 
the  grcateft  quantity  of  light,  which  intercede 
media,  that  differ  mod  in  their  refra<ftive  denfities; 
and  that  the  reflexion  of  thin  tranfparent  fub- 
fiances  are  confidently  ftronger  than  thofe  made 
by  the  fame  fubftances  of  a  greater  thicknefs, 
Hence  the  minute  portion  of  air,  or  of  the  rarer 
medium,  which  occupies  the  pores  or  interftices  of 
denfe  bodies,  is  a  minute  white  fubftance.  Thi$ 
is  manifeft  in  the  whitenefs  of  froth,  and  of  all 
pellucid  colourlefs  fubftances,  fuch  as  glafs,  cryftal, 
or  falts  reduced  to  powder,  or  otherwife  flawed ;  for 
in  all  thefe  inftances  a  white  light  is  refle&ed  from 
the  air  or  rarer  medium,  which  intercede  the  par- 
ticles of  the  denfer  fubftance,  whofe  interfaces 
they  occupy. 

Hence  alfo  we  fee  why  white  opake  fubftances 
are  rendered  pellucid  by  being  reduced  to  uniform 
mafles,  vhofe  component  parts  are  every  where 
nearly  of  the  fame  denfity  ;  for  as  all  pellucid  fub- 
ftances are  rendered  opake  and  white  by  the  ad- 
mixture of  pellucid  colourlcfs  media,  of  confide- 
rabl.  »'  iicicnt  deniitics,  they  are  again  deprived 
of  their  opacity,  by  extracting  thefe  media,  which 
kv.ep  their  particles  at  a  diftance  from  each  other' 
thjs  troth  or  fnow,  when  refolved  into  water,  lofe 
their  whitenefs,  and  a  flume  their  former  pellucid 
appearance.  In  like  manner  the  opake  white 
niii  s  are  by  proper  fluxes  reduced  to  pellucid  co- 
lo;;rlds  glafs  ;  becaufe  all  refleQions  are  made  at 
the  furfaies  of  bodies  differing  in  denfity  from  the 
ambient  medium,  and  in  the  confines  of  equally 
denfe  media  there  is  no  reflection. 

As  the  calces  .»f  metal  are  capable  of  reflect- 
ing their  colours  by  the  intervention  of  air,  fo, 

when 
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m  mixed  with  oil  in  making  paints,  they  always 
ume  a  darker  colour,  becaufe  the  excels  of  the 
iity  of  oil  over  air  forms  a  fenlible  difference, 
inparauvely  conlidered  with  refpett  to  the 
gravity  of  the  rarer  metals.  From  this 
fe  perceptibly  lefs  light  is  reflected  from  the 
leculae  of  oil  than  from  thofc  of  air,  and  confe- 
uently  the  mate  appears  darker.  The  cafe  is 
ever  different  with  fuch  paints  as  are  formed 
the  denfer  metals,  as  vermillion,  minium,  &c. 
though  oil  differs  very  confiderably  from  air  ia 
tfu  fpecilic  denfity,  yet  it  alio  differs  very  much 
in  this  re fpe A  from  the  denfer  metallic  powders; 
and  the  molecular  of  oil,  which  divide  their  parti- 
cles, a£t  upon  the  light  fo  ftrongly,  that  the  icfiec- 
.ri  of  light  occaiioned  by  them  cannot  be  diftin- 
guiihed  from  thofc  which  arc  caufed  by  rarer 
media.     Hence,  when  we  mix  vermillipn  or  mi- 

rum  with  oil,  the  colour  is  not  fenfibly  altered. 
All  the  earths,  which  in  their  natural  Hate  are 
i*  a  pure  white,  conftttute  tranfparent  colourlefs 
media  when  vitrified  with  proper  fluxes,  or  when 
diflblved    in   colourlefs  menftrua;  and  the  faline 
maffes,  obtainable  from  their  folutions,  are  tran- 
fparent and  colourlefs,  while  they  retain  the  water 
which  is  neceffary  to  their  cryftallization,  and  are 
not  Hawed  or  reduced  to  powder:  but  after  their 
d  interftices  are  opened  in  Inch  a  manner 
admit  the  air,  they  become  white  and  opake 
the  admittance  of  that    rare  medium.     The 
earthy    particles,  which   form  the   folid   parts  of 
bodies,  generally  exceed  each  other  in  denfity;  con- 
sequently thefe  particles,    when  contiguous  to  the 
rare  media  already  mentioned,  muft  reflect  the  ra 
of  light  with  a  force  proportionate  to  their  den- 
power  of  bodies  does  not  de- 
pend merely  upon  their  excefs  of  denfity,  but  upon 
their  difference  of  denfity  with  refpeci  to  the  fur* 
K  e  4  rounding 
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rounding  media.  Tranfparent  colourlefs  particles, 
whofe  denfity  is  greatly  inferior  to  that  of  the 
media  they  come  between,  alfo  powerfully  rcflcd 
all  forts  of  rays,  and  thereby  become  white;  of  this 
kind  are  the  air,  or  other  rare  fluids,  which  occupy 
the  interftices  of  liquors,  and  in  general  of  all 
denfer  media,  where  fuch  rare  particles  are  ad-> 
mitted. 

Hence  vvc  may  conclude,  that  white  opakc 
bodies  are  conftituted  by  the  union  or  contiguity 
of  two  or  more  tranfparent  colourlefs  media,  dif- 
fering confiderably  from  each  other  in  their  rc- 
flc&ivc  powers.  Of  thefe  fubftanccs  we  have 
examples  in  frothy  cmullions,  or  other  imperfed 
combinations  of  pellucid  liquors,  as  milk,  fnou, cal- 
cined or  pulverized  falts,  glafs  or  cryftal  reduced 
to  powder,  white  earths,  paper,  linen,  and  even 
thofe  metals  which  are  called  white  by  mineralo- 
gies :  for  thofe  metals  do  not  appear  white  unlefs 
their  furfaccs  be  rough  ;  as  in  that  cafe  only  there 
arc  interftices  on  their  Airfare  fufficicnt  to  admit 
the  air,  and  thus  make  a  reiiedion  of  a  white  and 
vivid  light. 

The  polifhed  furfaccs  of  metallic  mirrors  re- 
flect the  incident  rays  equably  and  regularly  ac- 
cording to  their  fcveral  angles  of  incidence,  fo  that 
the  reflected  rays  do  nor  interfere  with  each  other, 
but  remain  feparate  and  unmixed,  and  therefore 
dillindlv  exhibit  their  fcveral  colours.  Hence  it 
is  evident,  that  white  fi:rta<es  cannot  aOt  upon  rhe 
light  as  mirrors,  becaule  all  the  rays  which  are  re- 
flected from  them  are  blended  in  a  difordcrlv  anJ 
prcmifcuous  manner. 

The  foregoing   phenomena  give  us  fome  in- 
fight  into  tiic  nature  and  vaufe  of  opacity,  as  they 
clenrly  ihcw,  that  even  the    rarcft  tranfparent  co- 
lourlefs fubftances,    when    their  furfaccs 
ri::it   to    media   diftcrir*  atly    froq 
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refractive  power,  may  thereby  acquire  a  pcrfcdl 
opacity*  and  may  affume  a  hue  and  refplcndcnce 
(imilar  to  that  of  white  metals ;  that  the  rarer 
pellucid  fubftances  cannot  by  the  light  be  diftin- 
guifhed  from  the  denfe  opakc  metals ;  and  this 
fimilarity  to  the  furfacc  of  metals  not  only  occurs* 
when  from  the  roughnefs  of  their  furfaccs  they  re- 
femble  poliftied  metals  in  whitenefs,  but  alfo  when 
from  their  fmoothnefs  they  refemble  the  poliflicd 
furface  of  metals. 

Metals  feem  to  confift  entirely  of  tranfparent 
matter,  and  to  derive  their  apparent  opacity  and 
luftrc  folcly  from  the  copious  refledion  of  light 
from  their  furfaces.  The  analogy  between  metals 
and  tranfparent  media,  as  far  as  concerns  their  op- 
tical properties,  will  appear  to  you  from  the  fol- 
lowing confiderations  :  1.  All  metals  diffolvcd  in 
their  proper  menftrua  arc  tranfparent.  2.  By  the 
union  of  two  or  more  tranfparent  media,  fubftances 
are  conftituted  which  are  fimilar  to  metals  in  their 
opacity  and  luftre,  as  plumbago  and  marcafites. 
3.  The  tranfparent  fubftances  of  metals,  as  well 
as  thofe  of  minerals,  by  their  union  with  inflam- 
mable matter,  acquire  the  ftrong  refledtivc  powers 
from  which  their  luftre  and  opacity  arife.  4.  The 
furfaccs  of  pellucid  media,  fuch  as  glafs  or  water, 
affume  a  metallic  appearance,  when  by  their 
fmoothnefs,  difference  of  denfity  with  rcfpedl  to 
the  contiguous  media,  or  any  other,  they  arc  dif- 
pofed  copioufly  to  reflect  the  light.* 

From  thefc  confiderations  it  is  evident,  that 
opake  fubftances  are  conftituted  by  the  union  or 
contiguity  of  tranfparent  colourlefs  media,  differ- 
ing from  one  another  in  their  refledtive  powers  ; 
and  that  when  the  common  furface,  which  comes 

veen  fuch  media,  is  plane,  equal,  and  fmooth, 

it 
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it  reflc&s  the  incident  rays  equally  and  regularly 
as  a  mirror;  but  when  their  furface  is  rough  and 
unequal,  or  divided  into  minute  particles,  it  re- 
flects the  incident  rays  irregularly  and  promif- 
cuoufly  in  different  directions,  and  confequently 
appears  white. 

When  the  interftitial  vacuities  of  bodies  ate 
fo  difpofed,  that  the  light  can  preferve  it's  refti- 
linear  courfe  through  them,  fuch  bodies  appear  lu- 
minous throughout,  and  are  vifible  in  their  interna! 
fubftance  ;  but  ,when  their  conftitution  is  fuch  as 
will  not  allow  a  free  paflage  to  the  light,  they  are 
Chen  vifible  only  by  thofe  rays  which  are  reflected 
from  their  furface,  and  their  internal  furface  is 
<;old  and  dark. 

From  various  confiderations  it  appears,  that 
the  chemical  properties  of  bodies  have  a  confide- 
rable  influence  on  their  colour;  for,  doubtlefs,  a 
force  which  a6ts  powerfully  in  refradting  the  rays, 
muft  likewife  influence  their  reflection  ;  and  it  is 
hardly  to  be  doubted  but  that  the  aftion  of  fire  has 
a  confidcrable  (hare  in  the  production  of  colours; 
indeed  it's  fhare  in  the  operations  of  nature  is  fo 
confiderable,  that  it  would  be  ftrange  if  it  fhould 
be  excluded  from  this  more  curious  part. 

By  comparing  the  rcfra&ivc  power  of  different 
■bodies,  Newton  found  that  inflammable  fubftances 
poflefs  it  in  a  much  greater  degree  than  fuch  as  are 
not  inflammable.  From  his  obfervations  on  this 
fubjeCt,  he  drew  the  wonderful  conclufion,*  that 
the  diamond  contained  a  larga  quantity  of  inflam- 
mable matter ;  that  water  was  an  intermediate  fub- 
ftance between  inflammable  and  uninflammable 
•bodies,  and  that  it  fupplied  vegetables  with  the 
inflammable  principle;  which  truths  have  been 
fcen  and  demonftjated  only  in  the  prcfent  day. 

Bodies, 

•  Bcrthollct's  Avt  of  Dyeing,  p.  6. 


Of  Permanent  Colours.  427 

Bodies,  not  tranfparent  in  their  ordinary  ftate, 
may  be  rendered  fo  either  by  relaxing  their  parts 
with  heat,  fo  that  the  light  may  pafs  through  them 
more  eafily,  or  by  giving  fome  new  direftion,  toge- 
ther with  an  additional  force,  to  the  matter  of  light. 
Mr.  Hawkfbcc  was  very  much  furprifed  to  find, 
that  the  fealing-wax,  and  the  pitch,  within  fide  a 
glafs  globe,  became  fo  tranfparent  when  the  glafe 
was  whirled  about  and  rubbed  with  the  hand,  that 
the  fingers  might  be  plainly  fcen  on  the  other  fide 
through  the  coating.  Oil  is  condenfed,  when  cold, 
into  a  fort  of  globules  impervious  to  the  light;  but 
when  thefe  globules  are  diflblved,  and  opened  by 
the  adtion  of  fire,  the  oil  not  only  becomes  tran- 
fparent, but  appear*  :is  bright  and  fliining  as  if  the 
light  were  a  natural  part  of  it's  fubitancc. 

Many  heterogencou  fluids  grow  dark  and  mud- 
dy with  cold,  but  may  loon  be  clarified  again  by 
the  application  of  a  moderate  heat :  red-port  wine 
is  fometimes  as  foul  as  if  brick-duft  was  mixed 
with  it,  but  will  foon  bcco/ic  bright  and  clear  be- 
fore the  fire. 

The  quality  of  tranfparency  is  given,  by  a  wife 
ordination  of  Providence,  to  the  fluid  fubftance  of 
water,  which  is  fo  neceflury  to  the  life  of  all  ani- 
jnals.  Tranfpaicne;  1  .nders  glafv  vioft  valuable; 
the  value  of  gold  is  arbitrary,  but  the  worth  of 
glafs  is  intrinfic  ;  it's  cleanlincfs  and  tranfparency 
recommend  it  to  our  ufe  for  the  common  purpofes 
of  life,  and  render  vilible  the  moft  curious  and 
fubtil  proccfles  of  chemiftry  and  philofophy  :  in 
optics,  it  afiifts  the  aged,  and  gives  to  man  an  infight 
Wto  the  wonders  of  creation.  * 

ogical  Difquifitions,  p.  86. 
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LECTURE   XXL 
Of  Phosphoric  Bodies. 


THE  more  the  nature  of  light  is  in1 
the  more  it's  relation  to  fire  i*  difcovgced; 
many  proofs  of  this  you  have  already  fecn,  ffttf 
more  will  occur  in  treating  of  phofohoric  bodies. 
As  I  have  already  (hewn  you,  that  fire  is  received 
and  retained  in  bodies  under  the  form  of  betttX 
have  now  to  (he  w  you,  that  it  is  alfo  retained  in  moH 


Jubilances  under  the  form  of  light.  I 

By  phofphorus  we  in  general  mean  thofe  ftb-  I 

fiances  which  (hine  in  the  dark,  without  emitting  1 

heat.    Phofphorus  is  divided  into  fevcral  kuxb,  1 

known  by  the  names  of  the  Bolognian  phofphorus, 
Mr.  Canton's  phofphorus,  Baldwin's  phofphorus, 
phofphorus  of  urine%  &c.  &c.  Bcfidcs  thefe,  it 
has  been  found  that  the  far  greater  part  of  terref- 
triai  bodies,  upon  being  expofed  to  the  light,  will 
appear  luminous  in  the  dark.  This  circumftance 
has  occafioned  fome  writers  to  divide  the  phof- 
phori  into  two  clafles,  namely,  fuch  as  require  to 
be  expofed  to  the  light  either  of  the  fun  or  fomc 
artificial  fire,  before  they  become  luminous;  and 
fuch  as  do  not.  Of  the  firft  kind  are  the  Bolog- 
nian phofphorus,  Mr.  Canton's  phofphorus,  tne 
phofphorus  from  earths,  &c. ;  of  the  latter  kind 
are  rotten  wood,  the  fkins  of  fifties,  and  the  phof- 
phorus of  urine.  There  is  another  clafs  which 
becomes  luminous  by  fridlion  or  vibration,  as  fu-  J 
gar,  and  the  folution  of  phofphorus  in  fpirits  of  j 
wine.  J 

It  has  been  faid,  "  that  philofophy  was  nevr 
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Cf  under  more  obligation  to  what  is  called  chance, 
"  than  with  refpcdt  to  the  difcovcry  of  the  pro- 
"  perty   of  imbibing  of  light,    which   was   once 
t€  thought  to  be  peculiar  to  a  certain  foflil  in  the 
-"  neighbourhood  of  Bologna,  but  is  now  found  in 
cc  many  other  fubftances.  Not  only  was  1  Jingle  and 
cc  leading  faCt,  but  a  whole  J  cries  of  fads  the  refult 
cc  of  cafual  obfervation."     You  aiv,  I  hope,  better 
learned,  and  will  enter  your  protcft  againft  this 
opinion;  for  you   know  that  fuch  an  opinion,  if 
embraced,  would  deprive  you  of  that  fatisfadion 
of  mind  which  arifes   from  a   ftrong   and  well- 
grounded  appreheniion  of  a  Divine  Providence  %  and 
of  your  being  conftantly  under  a  gracious  protec- 
tion that  will  guard  you  from  every  evil  unproduc- 
tive of  greater  advantage.     It  is  indeed  the  main 
balls  of  prudence  and  benevolence,  as  it  enfures  to 
you,  that  whatever  you  do  well  lhall  be  attended 
with  fuccefs  cither  at  prefent  or  in  futurity,  and 
thus  making  the  good  of  your  fellow-creatures  your 
own  higheft  intereft.     As  this  opinion  is  thus  dan- 
gerous, it  can  be  no  improper  digreffion  to  coniidcr 
it  more  attentively,  and  the  more  fo  as  you  will 
find  another  writer,  to  whom  I  (hall  have  occafion 
to  refer  you  on  the  fubject  of  phofphorus,  ac- 
-  knowledging  that  it  was  accident  which  lifted  up 
the  veil  of  nature  to  him,  and  attributing  to  the 
fame  blind  caufe  the  greatelt  difcoveries  that  have 
been  made  by  others. 

•In  common  difcourfe  we  often  indeed  fpeak 
of  chance  oxfortune%  as  a  power  influencing  the  af- 
fairs of  men,  and  having  a  principal  ihare  in  the 
direction  of  all  events;  as  frequently  baffling  the 
lkill  of  the  wife,  the  valour  of  the  brave,  and  the 
firengthof  th|MUitv;  as  turning  the  fcale  of  vic- 
tory, and  dfl^^^l  the  fuccefs  of  all  enter- 
prizes.  Bu  ic  the  idea  of  chance 
philofophica  t  it  is  neither  agent 
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nor  power,  nor  has  any  other  exifteiice  except  irl 

our  own  ignoranc  :  for  whatever  is  afcribcd  W 
chance  or  fortune,  we  fhould  fee  performed  by 
other  caufes,  if  \vc  had  fagacity  to  difcern  them. 

Chatter  is  no  canfe  of  any  thing,  and  f.Tves  only 
to  exprefs    ir  ipwrance  or  uncertainty  of  the  man- 
ner in  whi,  n  other  caufes  operate  ;  and  in  this 
fenfe  may  bi  applied  to  the  mod  cogent  neceflity 
Or  mo'l  deliberate  defign,  where  we  know  not  the 
tendency  of  the  one,  nor  the  purpofe  aimed  at  by 
the  other.     What   is  cftccmH  more  cafual  than 
weather  ?    Ycl   nobody   double   of  the   air  being 
moved,  the  vapours  rarified,  and  the  clouds  con- 
denfed,  according  to  a  certain    impulfe  received 
from  mechanical  caufes;  but  becaufc  no  mathema- 
tician nor  naturalift  ca.:  invertigate  thofe  caufes  fo 
as  to  calculate  wHr  they  will  produce,  we  fay,  the 
farmer  defends  upon  chance  to  bring  his  corn  to 
maturity,  and    give  him  a   favourable  fcafon  for 
his  harv  .1  :    yet  ii   we  were  at  .juai-ced  with  the 
refpedtive  qi^'^^s,  and  cxac'  proportions,  of  the 
caufes  from        cp.       : hey  proceed,  wc  might  cal- 
culate the  \;u».-:.iiiis  of  the  w.i'he-,  as  well  as  wc 
now   d      ~x\r    C -T'^vs  a:ul   "dipfes  of  the  moon. 
So  tlv._    ciii  ever...     happening    by    chance,    does 
not   cLde  the  operaii    is  of  neceflary  caufes,  nor 
the    acts    of   free    .ig"   ' *,    "or   the    provisions  of 
ivifdom;    fr/  the   cited*     :   all   tnrce  will   appear 
cafual  when  we  rr.nnot  tbrc-ee  them.      And  when 
it  is  fa  id  an\  thing  is  difeovcred  h\  chance,  orthat 
fortune  h:v:     ad  inch  an  influence  upon  our  affairs, 
no  more    houid  be  undcrlljod  by  thefe  expreflions, 
than  that  v.  /  are    ignorant   of  the    caufes   acting 
around  us,  ai.J  alhcling  the  fuccefs  of  our  mca- 
fures.     .'jOioi'."  accident  takes  place  in  thole  events 
where  our  agency  has  no  coiucrn,  there  mud  have 
been   natural    caufca   in    motion    previous   to  any 
thing  thus  appearing  to  fall  out  accidentally  among 

them ; 
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them ;  and  it  is  only  our  ignorance  of  their  concur- 
rence and  powers  that  gives  chance  a  title  to  the. 
production.    . 

Inventions,  as  we  have  on  a  former  occafion 
obferved,  may  appear  accidental,  and  fo  indeed 
they  are  with  refpeci  to  us,  for  no  man  could  have 
feen  before  hand  the  day  when  they  would  happen : 
but  accidents  arifc  from  certain  caufes  lying  in 
train  to  produce  them  ;  when,  and  in  what  manner 
they  (hall  come  to  pafs,  muft  be  referred  to  the 
disposer  of  all  events.  It  is  frequent  inphilofo- 
phical  difquifitions,  that  the  fame  inquiry  produces 
very  different  difcovcrics.  The  attention  paid  to 
the  immediate  objed:  of  inveftigation  does  not  fhut 
the  eye  of  the  obferver  againft  any  thing  elfe  that 
may  offer  ;  and  the  ftate  into  which  the  iubjedt  of 
examination  is  put,  in  order  to  favour  an  expetfed 
event,  often  gives  origin  to  another  not  lefs  inte- 
refting. 

Nature  is  nothing  more  than  a  conveyancer^ 
whofc  channels  wc  can  in  feme  meafurc  trace, 
conducting  activity  from  one  Jubilance  to  another; 
and  chance  grows  like  an  cxcrefccnce  from  the 
iituation,  the  circumftanccs,or  mutual  concurrence 
of  other  caufes.  We  have  no  experience  of  any 
thing  that  can  aft  otherwife  than  by  tranfmitting 
an  operation  already  begun.  Volition  is  the  only 
power,  we  know  of,  that  is  capable  of  beginning 
an  adion,  or  giving  an  impulfe  it  did  not  firlt  re- 
ceive. And  whoever  fuppofes  a  fubftancc  invo- 
luntarily felf-moving,  or  caufing  a  new  impulfe 
not  in  being  before,  builds  upon  a  mere  hypothefis, 
without  any  fad,  within  the  compafs  of  his  obfer- 
vation,  to  fupport  it ;  whereas,  he  who  holds  the 
contrary,  does  it  becaufe  experience  of  his  owr 
tions  teaches  him  that  he  begins  them  * 
that  every  thing  acting  involuti 
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on    an  01 


another  manner,  only  carrying 
begun  by  fome  other  agent, 

Our  views  of  providence  muft  be  partial  ai 
impcrfeft  at  bcft,  wherefore  much  of  the  wiflc 
of  God  will  appear  foolifhncfs  to  man ;  and  fa  do 
wifdom  always  appear  to  filch  as  have  not  capaci 
to  difcern  the  juftnefs  of  her  meafurcs,  nor 
ends  for  which  they  were  purfued  :  but  the  i 
attentively  you  obferve  the  luminous  t rafts,  f 
will,  find  them  fpreading  further  and  further  i 
the  dark  and  exceptionable,  and  they   will  o[ 
before  you  an  ample  field  for  contemplation, 
you  will  diffovcr  wheel  within  wheel,  be  able 
trace  the  connexion  between  many  of  them,  di 
cern  their  exad  adjuftmeru   to  each   other,  ai 
perceive  one  adapted  to  anfwer  various  purpofa, 
till  at  laft  you  will  be  ready  to  believe  with  Plat* 
that  the  whole  world  is  a  tiflue  of  caufes  and  cf- 
fc&B,  wherein  nearly  or  remotely  every  thing  his 
an  influence  upon  the  reft.     From  hence  \\cmx\ 
conclude,  not  only  that  the  young  ravens  arc  f«t 
and  the  lilies  of  the  field  arrayed  in  the  glory  of 
Solomon  by  the  divine  provifion ;  but  that  of  two  I 
fparrows  which  are  fold  for  a  farthing,  not  one  of 
them  falleth  to  the  ground ;  not  a  hair  is  loft  of 
the  number  upon  our  heads;  not   an   atom  ftiis 
without  the  permiffion  of  our  heavenlv  father. 
Thus  alio  God  has  been  pleafcd  by  a  long  and 
extraordinary  feries  of  events,  continuing  from  the 
infancy  of  mankind,   to  nourifh   up  a    religion 
whereby  purer  fentiments  of  himilif,  and  a  more 
extenfive  charity,  may  be  introduced  among  the 
vulgar;  and  has  in  his  wifdom  raifed  up  tworr 
pbilofopby  and   religion,  from  little  feeds,  and  by 
flow  and  fucceflive  gradations,    whofe    influence 
'when  mutual  continually  tends  to  purity  ana  m 
borate  mankind,  but  when  fct  at  too  great  a  c" 
tance  from  eafch  other,  philofophy  becomes.* 
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babbler,  and  religion  a  fupcrftitious  encfiantrefs. 
When    properly  mingled,    their  branches  grow 
more  vigorous,  extend  over  a  larger  compafs,  and 
bear  fruits  of  more  general  ufe,  co-operating  in 
that  great  defign  which  has  been  carrying  on  from 
the  carlieft  accounts  of  hi  (lory  by  a  remarkable 
courfe  of  providence,  calculated  for  the  benefit  of 
the  human  race  in  general,  diftindt  from  that  re- 
fpe&ing  particular  perfons ;  intended  to  introduce 
a  perfect  redtitude  of  fentiment  both  in  the  under-* 
(landing,  and  inferiorwfaculties  of  the  mind- 
Too  numerous  are  the  inftances  to  be  noticed 
in  thefe  Le&ures,  and  they  would  lead  me  too  far 
from  the  general  plan  of  the  work ;  but  one  or  two 
[  cannot  refrain  from   mentioning.     You  know 
how  much  the  art  of  printing  has  contributed  to 
die  advancement  of  learning;  but  this  was  not  the 
difcovery  of  any  philofopher  ;  the  world  had  been 
long  acquainted  with  the  method  of  (lamping  in- 
fcriptions  upon  medals  and  feals,  which  one  would 
think  might  naturally  have  led  the  ingenious  to 
contrive  how  to  (lamp  the  pages  of  a  book,  yet 
/was  it  never  thought  of  until  the  appointed  time 
written  in  the  book  of  heaven. 

The  magnetic  power  of  the  load-done  was  , 
:  known  2000  years  ago,  but  remained  an  objedt  of 
idle  curiofity.for  ages,  until  the  ufe  of  the  needle 
was  difcovered  ;  when  it  opened  to  us  a  new  world, 
five  a  readier  accefs  to  the  remotefl  regions  of  the 
Old,  became  a  means  of  communicating  knowledge, 
and  familiarizing  the  nations  of  the  eajrth.     x 

Gunpowder  is  faid  to  have  been  difcovered 
fay  a  monk  trying  experiments,  without  expeda* 
Ifon  of  any  ftich  reiult ;  but  how  greatly  has  \t 
changed  the  polity  of  nation*,  and  civilised  the 
rugged  manners  of  war,  making  it  depend  more 
tiponfcicncc  th|^bo(4ily  ltrength  or  perfonal  con- 
jc,  and  unit*  MM^with  the  i^tfary  inte- 

V01-  ILft  w  f  ^reft\ 
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rei:  !  And  in  remote  confequence  of  rhcfc  invcn- 
ticns  concurrir-g  with  other  incidents  in  the  ana- 
i:rs:  (tries,  mankind  is  become  better  united  and 
ci--:L:zed  ;  even"  nation  has  fome  intercourse  with 
cr'-.rrs,  and  the  more  barbarous  gradually  take  a 
:u"c:-re  from  the  rr.ore  humane. 

Lit  -l=  rev  return  to  our  phofphoretic  bodies, 
ir.i  dr.":  of  the  Belognian  phofphorus.     This  ra 
d.fvO-crti  ibour  the  year  1630,  by  VincenzoCaf- 
car.cLs,  a  tr.oc-ma  ;er  of  Bologna,  who  being  in 
c-c:1.  -■:"  :oir.c  chemical  fecrct,  among  other  things 
tried  a  calcination  of  fo-:;e  (tones  to  be  found  in 
the  neighbourhord  of  that  city;  and  obfened,  thai 
whinever  this  ftc-.*:  was  taken  into  the  dark, after 
h'ivins  beer.  cxpofed  to  the  light,  it   was  plainly 
v::ibLe  by  a  light  iiTuing  from  irfelf,  continuing  to 
appear  lb  for  fome  time,  when  it  became  invifiblc; 
but  1  pen  returning  it  to  the  light,  and  then  carry- 
ing ::"b.ic.k  :o   it's  former  f.tuation,    it  exhibited 
;>.*  :-"-  .:n:*.-:ir:n  c  as  before. 

C:  Lvu.j.*  :r.::t  ::;  w  I  j-h:  in  the  dark  there  are 
;j-.v:.:i    .x  ""..:-  ;    t«M"    .: :;:■<?    boiio    throw   out   Iigh- 

.:..  ^,  :;r.u  cth.rs  i:yjn  being  excited.  Ol 
:  "*  :.■::::.."  k;::.I  fomc  fi.ir.e  v,  ith  a  initurdl  //jK 
.:>  c-m  -\w;nr,-,  d.i'es,  and  a  good  many  aquatics; 
^::-at<  y<  !iel>.  an  .;.. . . ■.•;://:'. -,-  H-kt,  as  rotten  woods 
a\l  the  ih-fh  (if  ioipe  ui.Mvirupedsand  birds.  Tiicfe 
iaft  arc  nn  naturally  phofphoric,  bur  owe  that 
property  co  fome  particular  caufe,  which  general!}' 
li  /'.v/iv/u'.V;"/',  and  fomctimc-;  211  infcniiblc  change 
in  the  natural  conititution  of  the  parts. 

Thole  bodies  v.hich  become  phofphori  :"pon 
being  c\:itt\l,  or  whole  phofphoretic  property  is  at 
leall  alliilcd  by  excitation,  may  be  diliributed  into 
diJlcrent  Ijucies  accoiding  to  the  mode  in  which  ■ 
this  property  is  brought  into  action.  Thcfe  modes  1 
are  .■///■///*//,  u:Juti;n%  beat,  the  free  admijfm  ** 
iiir,  and  being  iwpajed  to  the  external  light. 
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Bodies   of  every   kind  become  phofphori  by 
1 ition,   provided    they   can  bear   that    force  of 
.cion  which  is  fufficient  to  produce  the  rcluclant 
light    that    is   hid    in    their    fubffances  ;   ai 
agrees  moftly  with  liquid  fubftances,  a  >  fca-water. 
The  emerald  phofphorus,  and  many  i^ems,  and 
ongft  th  a  few  diamonds,  the  lapis  lazuli, 

gfeat  part  of  the  mountain  cryftals,  become 
hofphoricby  the  application  of  beat. 

The  non  of  air  not   onty  produces 

light  in  ufing  the  phofphorus  of  Konkel,  but  even 

laze  of  tire  where  friction  is  ufed.    The  phuf- 

>ru*  of  Homberg  burns  alfb  furtoufly  upon  the 

approach  of  air. 

The  larft  clafs,  thofe  which  aft  after  being  ex~ 

arc  exceeding  numerous; 

there  feem  buc  two  fubftances  which  do  not  emit 

d  in  t!:.  except  water,  in  il 

fluid  fhtte,  and  mails.     All  bodies  then  whatever, 
except  water  and  metals,  have  a  power  of  imbibing 
..hen  placed  in  proper  ci re  umftances,  of 
ttitift  it  acta 
This  has   bcei  oved   by  the  experi- 

me;  In  Bee  'gna,  and   Mr,  WiU 

fon,  Iiave  be  moft  fatisfaiitory 

manner;  indec  n  their  diligence, 

tha:  there  are  but  little  h<  adding  any  thing 

llderable  ro  what  they  have  done. 
A  very  weak  light  can  only  be  vilible  in  great 
When  the  fun  is  in  it's  meridian  fplen- 
,  the  moon  and  ftars  are  totally  obfeured  ;  and 
when  I  r   light    is   withdrawn,  how 

the  moon  and  ftars  appear.    Art  will  pro* 
nefs  far  at  the 

night,  and  in  fuch  darknefs  the  weakeft  light  will 
become  vilible.     Mr.  Willbn,  therefore,  to  judge 


if 


of 


*  Not  Bcccana  the  elc&ricun« 
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of  the  illumination  of  bodies,  when  brought 
from  the  light,  made  his  experiments  in  a  clofrt 
about  6  feet  by  5  \  feet,  the  height  about  9  feet. 
It  was  painted  black,  or  covered  with  black  baiie 
in  every  part,  and  had  two  doors  which  were  5  or 6 
inches  broader  and  longer  than  the  fpace  to  cm 
at.  There  were  two  curtains  of  black  cloth  ox 
the  hole  where  the  hand  was  occafionally  put  out, 
to  cxpofe  bodies  to  the  light ;  the  outer  one  and 
inner  one  each  confided  of  three  doubles :  all  theft 
were  confidently  larger  than  the  hole,  which  was 
about  15  inches  diameter,  and  opened  tothefouth, 
There  were  fmall  leaden  weights  fattened  to  the 
bottom  of  each  curtain,  to  preferve  them  in  their 
pi  aces  when  the  hand  was  drawn  into  the  room  1 
two  curved  pipes  were  fitted  to  the  clofet,  one 
communicating  with  the  external  air  from  the  top 
of  the  room,  the  other  from  the  bottom,  for  the 
fake  of  breathing  freely  1  by  means  of  this  clofct 
anyfubftances  could  be  eafily  cxpofed  to  the  light, 
or  withdrawn  from  it. 

Numerous,  and  well  worthy  of  your  attention, 
are  the  experiments  made  by  IVilJon  in  this  clofct; 
here  almoft  every  fubftance  was  found  to  be  phof- 
phorctic:  but  calcined  oyfter-fhells,  and  white  pa- 
per, pofiefled  this  power  in  an  eminent  degree 
piece  of  paper  with  a  key  being  cxpofed  to  the 
light,  and  again  taken  into  the  room,  the  key  wis 
then  removed,  and  there  remained  as  much  of  the 
paper  dark  as  had  been  covered  by  the  key,  leaving 
a  black  fpace  exactly  of  the  fame  figure  as  the 
key-  A  gentleman's  hand,  and  part  of  a  ruffle, 
being  dipped  in  the  light,  and  then  fuddenly  with- 
drawn, appeared  luminous;  and  as  every  other 
part  of  the  body  was  dark,  it  looked  like  a  hind 
with  a  bit  of  ruffle  fufpended  in  the  air,  fo  that 
the  human  body  was  found  like  others  to  be  phof- 
phoric. 

Though 


:b 
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.  Though  fluid  water  is  incapable  of  emitting 
light,  yet  when  condenfed  into  the  form  of  ice  or 
fnow,  it  affumes  it,  like  other  fpecies  of  matter. 
This  accounts  for  the  light  afforded  by  fnow  lying 
on  the  ground,  even  when  the  heavens  are  involved 
in  utter  darknefs ;  being  expofed  to  the  light  all 
the  day,  it  abforbs  a  great  deal  of  light,  and  is 
thereby  enabled  to  give  out  a  considerable  quan- 
tity in  the  night. 

It  is  probable  that  all  the  bodies  with  which 
we  are  furrounded  are  fufficiently  endued  with  this 
phofphoretic  property,  to  enable  animals  to  find 
their  food  in  the  night.  To  this  it  mdy  be  added, 
that  the  eyes  of  animals  are  better  conftructed  for 
collecting  light  than  the  human  eye  :  thus  the  fub- 
ftance  fpread  out  behind  the  retina  of  cats,  owls, 
&c.  is  white,  which  refledts  the  mod  light ;  that 
behind  the  retina  of  gramenivorous  animals  is 

freen;  laftly,  that  in  the  human  eye  is  black; 
ence  we  require  more  light  than  animals  to  dis- 
cover obje&s,  but  our  vifion  is  more  perfect. 

From  the  foregoing  experiments  it  appears, 
that  the  world  is  (locked  with  a  variety  of  occa- 
lional  phofphori,  from  which  light  is  infenfibly 
evaporating  where  we  fhould  never  have  looked  for 
it,  nor  could  poflibly  have  detected  it,  but  for  the 
fubtle  mode  of  examination  contrived  by  Beccari 
and  Wilfoa. 

Of  Canton's  Phosphorus. 

To  prepare  this,  take  fome  oyfter-lhells,  and 
calcme  them,  by  kecpim  them  in  a  good  coal  lire 
for  half  an  hour;  lctS|  JMireft  part  of  the  calx 
be  pulverised  and  fi!  ^hree  parts  of  this 

wder  add  one  of  th^  I lulphur,  and  mix 

M  icr  1  ^  |^rc  mt>  a  cm- 

Rhcn  lee  it  be 
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placed  in  the  middle  of  a  fire,  where  it  mui 
kept  red-hot  for  an  hour  at  leaft,  and  then  fc 
cool.  When  it  is  cold,  turn  it  out  of  the  crm  ' 
a$d  cutting  or  breaking  it  to  pieces,  fcrapq 
upon  trial  the  brighteft  parts,  which,  if  goodr 
form  a  white  powder,  which  you  may  prefer^ 
keeping  it  in  a  dry  phial,  with  a  ground  ftoppl 

The  quantity  of  light  which  a  little  of 
phofphorus  gives  when  firft  brought  into  a  ( 
room,  after  it  has  been  expofed  for  a  few  fecq 
to  the  light  of  the  day,  is  fufficient  to  fhew 
hour  by  a  watch,  if  the  eyes  have  been  previa 
Ihut  for  one  or  two  minutes. 

By  this  phofphorus  you  may  reprefent  cei 
tial  objeds,  fuch  as  Saturn  and  his  ring,  the  phi 
of  the  moon,  &c.  If  the  figures  .of  them  mad* 
wood,  be  wetted  with  the  white  of  an  egg,  i 
then  covered  over  with  the  phofphorus,  a  $ 
from  the  difcharge  of  an  electrical  jar  will  il 
rninate  the  phofphorus  as  well  as  the  light  of 
day. 

By  a  variety  of  experiments  made  with  I 
phofphorus  it  appears,  that  when  it  had  emit 
all  the  light  it  could  in  the  common  flate  of 
atmofphere,  it  would  emit  more  on  the  appli 
tion  of  heat,  but  that  the  fame  degree  of  h 
would  only  render  it  luminous  for  a  cerl 
time. 

Let  one  end  of  a  bar  of  iron  of  about  an  ii 
fquarc,  or  a  poker,  be  made  red-hot,  and  laid  h< 
zontally  in  a  darkened  room,  till,  by  cooling 
ceafes  to  ihine,  or  is  barely  viiible  ;  then  brin 
little  dry  phofphorus,  which  has  been  expofee 
the  light,  in  a  gjais  ball  hermetically  fcalcd  asr 
the  hot  iron  as  pofliblc;  and  the  phofphorus,  tho 
inviiiblc  before,  will  in  a  few  feconds  begir 
ihine,  and  will  difcharge  it's  light  fo  very  : 
as  to  be  entirely  cxhaufted  thereof  in  lefs  tha 

min 
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qe,  and  will  fhinc  no  more  "by  the  fame  treat- 
till  it  has  been  again  cxpofed  to  the  light. 
lis  heat  light  received  from  a  candle,  or  even 
the  moon,  may  be  fecn  feveral  day*  after; 
jhofphorus  that  will  afford  no  more  light  by 
of  boiling  water,  will  thine  again  by  the 
of  hot  iron.  By  means  of  this  heat,  phof- 
is,  which  had  been  kept  in  darknefs  more 
ix  months,  was  found  to  give  a  confiderable 
e  of  light. 

Mr.  H'iljw,  in  his  treatife  on  phofphori,  has 
a  variety  of  experiments  on  oyfter-lhella  cal- 
U,and  combined  with  nitrous  acid,  and  without 
pa  all  cafes  they  acquired  the  phofphoric  qua- 
Fin  a  very  high  degree.  He  poured  fome  aqua 
■I,  previoufiy  impregnated  \*i:h  copper,  on  a 
ptity  of  calcined  o;.  rter-ihe!ls,  io  as  to  form 
pi  into  a  kind  of  parte;  this  parte  was  put  into 
jpuciblc  in  a  pretty  hot  fire,  for  about  40  mi- 
tes. Having  taken  out  the  maf*,  and  waited 
>  it  was  cool,  he  prefentcJ  i:  to  the  external 
hut;  on  bringing  it  buck  fuddenly  to  the  dark, 
was  furprifed  u  ith  the  appearance  of  a  variety 
colours  like  thofe  of  the  rainbow,  but  much 
re  vivid.  In  confequence  of  this  appearance 
the  prifmatic  colours,  he  repeated  the  experi- 
ait  in  various  ways;  combining  the  calcined 
fter-fliclls  with  different  metals,  and  metallic  fo- 
ions ;  with  the  different  acids,  alkaline,  and 
utral  falts  3  as  well  as  with  fuiphur,  charcoal,  and 
icr  inflammable  fubftanccs ;  and  by  all  of  thefe 
produced  phofphori  which  emitted  variously 
loured  light. 

n  What  is  more  remarkable,  he  found  that  oy- 
T-flielJs  pofiefied  the  phofphorctic  quality,  and 
exhibit  the  prifmatic  colours^! a furprifing 
C;  and  for  thii  purpufc  qfidk|  more  Mas 
1  t  4  ■fe&ry 
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neceflary  than  to  put  them  in  a  good  fca-ca*I  fat, 
and  keep  them  there  for  fomer  time.  On  fcaliitf 
6ff  the  internal  yellowiih  furface  of  each  (hell, 
they  become  excellent  phofphori,  and  exhibit  the 
flnoft  beautiful  and  vivid  colours. 

From  Mr.  Wilfon's  experiments  it  appear*, 
that  fire  or  inflammable  matter  is  elTentially  necef- 
fary  towards  producing  prifmatic  colours  in  phof- 

Shoric  fubftances  ;  that  there  is  no  particular 
ifpofition  in  the  (hell  to  exhibit  any  particular 
Colour  without  the  aid  and  affiftance  ot  Che  inflam- 
mable principle  ;  and  that  the  feveral  parts  of  the 
/hells  exhibit  fuch  colours  as  correfpond  with  the 
different  quantities  of  inflammable  matter  thai 
they  refpedtivcly  contain. 

The  inflammable  principle  appears  to  be  fo 
weakly  combined,  that  it  is  ealily  difengaged  ia 
Copfequence  of  the  adion  of  light, 

Mr.  Beccaria  attempted  to  (hew,  that  phof- 
phorus  emitted  the  very  feme  light  that  it  received, 
and  no  other ;  and  Dr.  Prieftley  concluded  from 
hence,  that  Zanotti  was  wrong  in  afferting,  that 
phofphori  fhine  by  their  own  native  lights  after 
they  have  been  kindled  by  foreign  light.  Zanotti 
appears,  from  Mr.  Wilfon's  experiments,  to  have 
been  confiderably  nearer  the  truth  than  Dr.  P. 
apprehends ;  as  he  feems  fully  to  have  difproved, 
by  his  numerous  and  accurate  experiments,  the 
opinion  of  Beccaria. 

The  experiments,  on  phofphori  may  perhaps 
be  accounted  for  by  coniidering,  that  as  an  heated 
iron,  which  is  dark  by  day-light,  appears  red  and 
fiery  when  carried  into  a  dark  room,  havyig  ac- 
quired but  a  part  of  that  ignition  which  renders  ic 
luminous  in  the  open  day-light ;  fo  other  bodies 
are  capable  of  an  incipient  ignition^  which  is  per- 
ceptible to  the  eye  in  artificial  darknefs ;  and  it  is 

this 
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incipient  ignition  which  brings  them  under  the 
►mination  of  pbofpberi.  It  is  remarkable,  that 
a  degree  of  light  is  difcernible  in  heated  oil,  when 
viewed  in  fuch  a  dark  medium;  and  that  even 
cold  water  does  not  immediately  extinguilh  the 
light  imbibed  by  fugar,  gum,  paper,  &c. 

It  has  long  been  obferved,  that  bodies,  when 
beginning  to  putrify,  emit  light :  this  has  been  ob- 
ferved in  meat,  fifti,  and  particularly  in  wood ;  in 
meat  the  fofteft  parts  are  moft  luminous,  it  looks, 
■when  in  this  ftate,  as  if  fprinkled  over  with  gems, 
and  upon  touching  it  the  luminous  particles  come 

|)ff  on  your  fingers  :  this  however  docs  not  take 
>Iace  before  a  certain  degree  of  putrifa<ftion  is 
nduced,  and  ceafes  after  it  has  proceeded  to  a  fur- 
her  degree. 
The  luminous  appearance  of  the  fea  has 
ong  been  known,  and  varioufiy  accounted  for;  it 
now  feems  to  be  generally  attributed  to  a  phof- 
phoretic  appearance,  arifing  from  putrified  mate- 
rials, from  fifh  and  vegetables,  wtjich  rife  to  the 
furface  of  the  water  in  the  form  of  fcum,  and  when 
agitated  yield  more  light  than  when  at  reft. 

There  is  a  remarkable  difference  between  ihe 
light  of  rotten  wood,  fiihes,and  that  of  phofphorus 
of  urine,  even  when  it  is  not  in  an  ignited  ftate; 
for  this  laft  does  not  ceafe  to  be  luminous  even 
when  included  within  an  exhaufted  receiver  ;  the 
contrary  of  which  happens  to  rotten  wood  and 
fifties*  When  kept  in  water,  and  placed  in  warm 
air,  the  phofphorus  of  urine  difcharges  fuch  Urge 
and  bright  flafhes  into  the  air  above  it,  as  are  apt 
to  furpnfe,  and  even  to  frighten  thofc  who  are  un- 

«£uainted  with  it. 
Phofpbort$  in  the  moft  extcnfive  meaning  of 
c   word,    may  be  c      "  Vrcd  a%  bodies  giving 
light ;  though  more  ey  are  thofe  bodies 

w  hich  give  a  faint  1 
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upon  being  rubbed,  or  after  having  been  expofed 
to  the  influence  of  light.* 

Bodies  fhine  in  the  dark  in  confequence  of  an 
excefs  in  their  heat,  and  by  the  emiffion  of  this 
light  the  heat  is  in  fome  degree  difllpatcd ;  the 
fubftance  of*  the  body  is  thus  changed  in  it's  tem- 
perature, or  in  relation  to  heat. 

Bodies  emit  light  alfo  in  confequence  of  the 
jrefolutionofphlogiiiic  matter,  which  had  been  con- 
tained in  their  fubftancc  or  competition. 

But  bodies  alfo  emit  light  without  being  fen- 
fibly  afFc&cd  in  their  temperature,  or  having  the 
compofition  of  their  fubftance  changed ;  this 
change  may  be  effected  by  that  a&ivc  principle, 
which  there  are  many  reafons  for  fuppoiing  to  re- 
fide  on  the  furfaccs  of  bodies. 

That  particular  fpecies  of  bodies  which  have 
£  peculiar  power  in  their  fubftance,  by  which  inci- 
dent light  is  reflected,  or  which  have  a  power  of 
abforbing  light,  do  not  become  phofphorctic  by 
having  the  powers  of  their  furfaces  excited  by  fric- 
tion or  incident  light ;  but  thofe  bodies  which  do 
not  thus  eminently  abforb  or  reflect  light,  and  do 
not  condud  electricity  by  their  fubftance,  are  all 
in  fome  degree  phofphorctic. 

That  the  light  emitted  from  the  phofphoretic 
body  is  not  the  identical  light  to  which  the  body 
has  been  expofed,  is  proved  by  Mr.  Wilson's  ex- 
periments. It  would  therefore  appear,  that  the 
fpecies  of  the  emitted  light  arifes  only  from  the 
particular  difpofition  of  the  phofphorctic  body, 
and  that  by  being  thus  properly  difpofed,  the  fame 
phofphoretic  bodies  may,  after  being  excited, 
emit  any  one  particular  fpecies  of  coloured  light, 
according  to  the  manner  in  which  it  had  been  dif- 
pofed for  this  operation  of  producing  light.   * 

From 

*  Hut  ton's  "  Didcrtations  on  different  Subjefts  of  Natural 
Ihilofophy." 
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From  the  experiments  of  Mr.  Wilfon  it  ap- 
pears, that  it  is  not  the  exciting  light  which  is 
emitted  by  the  body  fhining  in  the  dark  ;  it  is  nor 
the  emitted  light,  or  light  of  the  fame  fpecies, 
^vhich  has  the  greateft  power  of  exciting  the  pbof- 
pborus  to  (hine ;  but  the  light  which  has  fo  great 
an  energy  in  exciting  the  phofphorus,  is  that  fpe- 
cies  of  light  which  is  placed  at  the  other  extre- 
mity of  tjjie  prifmatic  order,  or  mod  oppofite  in 
the  rule  of  it's  rcfrangibility  from  that  of  thp 
emitted  light. 

Thus,  though  the  incident  light  be  a  caufe  of 
fhining  by  exciting  this  quality  in  the  phofpho- 
re  tic  body,  yet  there  is  interpofed  another  opera- 
tion between  the  incidence  and  the  emiffion  of 
light ;  and  there  is  reafonto  fuppofe,  that  the  par- 
ticular fpecies  of  light  emitted  from  the  phofpho- 
retic  furfacc,  depends  on  the  eleftric  fluid  put  it* 
9.dtion  by  the  incident  light. 

Phofpboretic  and  pblogijiic  bodies  agree  in  con- 
taining a  quantity  of  light,  which  is  not  in  any 
perceived  ftate  of  heat. 

Although  phlogiftic  and  phofpboretic  bodies 
emit  light  upon  the  fame  principles,  fo  far  as  this 
depends  upon  luminous  matter  contained  in  the 
bodies,  which  is  fct  at  liberty  during  the  operation, 
by  which  it  is  rendered  luminous ;  yet  the  manner 
in  which  the  luminous  matter  is  fet  at  liberty,  is 
very  different,  as  is  that  alfo  by  which  the  lumi- 
nous matter  is  retained.  The  expofurc  to  the  at- 
piofphere  is  ciTential  to  the  emiffion  of  light  from 
pblogijiic  bodies  ;  but  this  is  a  circumftance  indif- 
ferent or  unneceflary  for  the  fame  operation  in 
thofe  that  ire  phofpboretic  In  phofpboretic  bodies 
there  is  no  difference  perceived  after  they  have  loft 
their  Ihining  qualities;  but  this  is  not  the  cafe 
with  pblogijiic'  bodies,  where  the  greateft  diffe- 
rence is  perceived  pa  thc^bftraftion  of  their  lumi- 
nous matter. 

PbaJ^bojretxc 
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Phofphoretic  bodies  furnifh  us  with  a  ftr 
additional  proof  of  a  principle  already  notice 
that  tight  is  matter  which  may  continue  for  for 
time  therein  without  exciting  beat,  and  n 
again  feparatcd  therefrom,  and  refume  it's  charade 
of  light,  as  will  appear  by  confidering, 

ift,  That  a  phofphoretic  body  is  made  I 
nous  only  by  it's  having  been  expofed  to  lij 
idly,  That  it  mud  be  expofed  to  light  of  a  cor 
intensity,  jdly,  That  provided  the  light  falling 
upon  the  phofphoretic  body  be  fufficiemly  intenfr, 
the  mod  mftantancous  expofition  fuffices  to  fa:u- 
rate  the  body,  fo  as  to  make  it  emit  light  vifible  in 
the  dark,  equally  as  if  it  had  been  expofed  thacn 
for  a  longer  time* 

It  follows  from  hence,  that  light  is  matter,  an 
that  this  folar  fubflancc  may  be  retained  in  con- 
nexion with  a  body,  cither  upon  it's  furface,  i 
conne&ed  with  the  gravitating  matter  of  which 
the  body  confifts. 

General  Observations  concerning  seveiuu 
Operations  of  Light  in  Relation  to  Boons. 
Extracted  from  Dr.  Hutton's  "Disserta- 
tions on  different  Subjects  of  Naturai 
Philosophy/* 


A  body  heated  to  an  intenfe  degree  gives 
light,  and  light  may  be  confidcredas  matter  moving 
in  a  ftrait  courfc  diredted  from  a  body.  It  is  a 
matter  of  general  obfervation,  confirmed  by  tte 
experiments  of  Mr.  Pirtet,  that  the  intenfity  of 
heat  m  a  body  is  diminifhed  in  proportion  to  the 
light*  which  is  emitted  from  the  body. 

Ligbt  emirted  from  a  hot  body,  and  meeting 
in  it's  courfc  with  a  colder  body,  whofe  tempera- 
ture may  be  accurately  mcfefured,  may  be  cither 
refilled  from  the  furface  of  the  oppofing  body,  or 
extinguished  within  the  fubitancc  of  the  body.  In 
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lis  lad  cafe,  if,  in  proportion  to  the  light  extin- 
uiftied  in  the  body,  the  intenfity  of  heat  be  in- 
reafed,  it  may  be  concluded,  that  fire  is  moved 
om  the  body  in  light,  but  the  intenfity  of  heat 
t  a  body  is  increafed  in  proportion  as  light  therein 
extinguifhed ;  it  therefore  is,  as  to  matter,  the 
ine  with  fire. 

Heat  and  light  may  thus  be  confidercd  as  dif- 
rrent  modifications  of  the  fame  matter,  or  dif- 
xent  a&ions,  according  to  the  fcveral  conditions 
i  which  that  matter  may  be  placed. 

Light,  which  is  incident  in  relation  to  a  body, 
iay  be  either  refle&cd  or  tranfmitted,  or  both,  and 
tat  in  grcatcft  part.  So  far  as  light  is  refle&cd 
om  the  furface,  or  tranfmitted  through  the  fub- 
ince  of  a  body,  no  heat  (hould  be  excited  in  con- 
quence  of  this  modification  of  matter,  which  is 
>t  that  of  heat.  This  is  confident  with  obferva- 
on,  for  no  heat  is  excited  by  refleded  or  tranf- 
itted  light. 

By  Jire  the  volume  of  bodies  may  be  changed, 
f  light  the  figure  of  bodies  may  be  perceived ;  but 
e  know  not  whether  fire  and  light  have  a  proper 
>dily  form  ;  yet  their  exiftence  is  manifefted  by 
eir  effe&s ;  their  actions,  or  laws  of  motion,  arc 
jetted  or  difcerned  by  reafon. 

Nothing  is  more  diftind  than  lirfit  and  fire 
their  proper  fenfibte  qualities,  but  thefe  fenfible 
talities  are  conditional.  On  the  one  hand,  fire 
not  felt,  if  the  fenlitive  body  prcferves  it's  na- 
ral  or  proper  quantity  of  this  iubftancc ;  on  the 
her  hand,  light  is  not  perceived  when  falling  on 
e  (kin  or  hands.  As  the  coadijtious  therefore 
ccflTary  to  the  productions  of  I  fa»(cvcral  fen- 
:ions  are  perfectly  diffcrcm,  fro  ft  different 

illation* wi  ^^^mploycd 
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or  illuminated.  It  is  only  by  mcahs  of  light  that 
bodies  become  vifible,  and  this  light  muft  proceed 
from  luminous  bodies. 

As  bodies,  by  having  the  intenfity  of  their 
heat  fufficiently  increafed,  may  become  luminous 
or  made  to  emit  light ;  if  the  light  of  bodies  is 
confidered  in  this  moft  general  view,  the  clafsof 
luminous  bodies  will  be  thereby  greatly  augmented. 

In  order  to  diftinguilh  bodies  that  are  pu 
perly  luminous  from  thofc  that  tnly  emit  light  in 
conjequence  of  beat,  it  will  be  proper  to  obferve, 
that  bodies  emitting  light  in  this  laft  manner,  arc 
not  changed  further  than  neceffarily  follows  from 
the  operation  by  which  the  proper  degree  of  heat 
is  produced ;  confequently  thefe  bodies  may  return 
to  their  former  (late,  and,  by  being  again  heated, 
may  have  thefe  operations  repeated  without  limi- 
tation. But  bodies  properly  luminous  are  limited 
in  the  quantity  of  light  which  they  had  retained, 
and  which  they  are  able  to  emit ;  after  which 
thofe  bodies,  exhaufted  of  their  proper  light,  can 
only  be  luminous,  in  confequence  of  fire  acting 
as  heat. 

Bodies  that  arc  eminently  luminous  muft  emit 
a  quantity  of  light  which  had  been  contained  in 
them  ;  fuch  bodies  muft  therefore  contain  a  cer- 
tain fpecies  of  matter  in  their  fubftance,  and  this 
is  called pb/ogi/lic  i n jl am vi alitor  combuftiblc  matter. 
Now  thisphlogifton  may  in  the  chemical  operations 
of  matter  be  tranflatcd  from  the  fubftance  of  one 
body  to  another;  by  which  means  bodies  arc  made 
phlogiftic,  or  capable  of  becoming  eminently  lu- 
minous, that  were  not  fo  before. 

All  bodies  that  arc  made  to  give  light  require 
a  certain  degree  of  heat,  without  which  thev  will 
remain  without  giving  light  ;  lo  that  all  bodies  that 
arc  to  emit  light,  whether  prt>pcrly  luminous  or  not, 
agree  in  having  the  emiffion  of  light  as  a  c.  ".:;- 

iiucruv 
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quencc  of  heat*  and  in  requiring  a  certain  inten- 
fhy  of  heat  as  a  nccelfary  condition  for  the  cmif- 
fion  of  light:  fo  far  as  this  is  the  cafe,  without 
heat  bodies  could  not  give  light. 

Heated  bodies  emitting  light,  J  have  already 
obferved,  are  thereby  continually  lofing  heat,  while 
colder  bodies  expofed  to  light,  arc  receiving  heat; 
fuch  bodies  therefore  niuft  have  both  their  heat 
and  light  continually  diminifhed,  by  forming  ari 
equilibrium  of  heat  with  com  iguous  and  furround- 
tng  bodies. 

It  is  otherwife  with  combuftible  bodies,  for 
though  thefe  require  a  certain  degree  of  heat  as  a 
condition  of  their  emitting  light ;  yet,  as  they  alfo1 
emit  light  upon  other  principles,  fo  during  their 
eimflion  of  light,  appearance*  take  place  very  dif- 
ferent from  thofe  of  bodies  that  are  only  luminous 
by  the  intenfity  of  their  heat. 

/The  folar  fubftancc  appears  to  be  varioufly 
modified  in  relation  to  bodies,  or  differently  dif- 
pofed  with  regard  to  fpaccand  things  ;  it  is  in  one 
place  fire,  in  another  light,  in  a  third  elcEIricity. 
In  each  of  thefe  modifications  there  arc  properly 
perceived  actions  with  different  intentions,  but 
not  oppoiitc  natures.  From  various  limilitudcs, 
the  fevcral  anions  arc  concluded  as  belonging  to 
the  fame  kind  of  matter,  from  the  feparate  pur- 
pofes  perceived  in  their  various  diftinguifhed  or 
different  modifications. 

Bodies,  in  relation  to  light,  may  be  diftin- 
guifhed as  of  two  different  kinds ;  one  kind  giving 
,  light  of  their  own,  or  which  had  been  part  of  their 
fubftance,  immediately  before  the  act  of  emiffion ; 
the  other  kind  giving  no  light,  except  that  with 
which  they  arc  illuminated  from  other  bodies. 
Hence  a  general  diftin&ion  of  bodies,  fome  being 
luminous,  others  dark  or  opake. 

Bodies,  in  relation  to  that  light'  V 
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they  are  illuminated,  are  confidered  as  of  two  kiftds, 
cither  tranfparent  or  opake.  Here  is  thcrefott 
another  fenfe,  in  which  opacity  may  be  taken  s 
confequently,  before  the  various  affc#ions  of  light 
and  bodies  are  examined,  it  will  be  proper  to  have 
a  diftinct  notion  of  this  quality,  which  may  per- 
haps be  confidered  in  different  fenfes. 

Opacity,  as  a  quality  in  bodies,  may  be  con- 
fidered either  in  a  more  limited  or  in  a  more  ex- 
tend \e  fenfe;  in  the  one  cafe  it  fignifies  want  of 
transparency,  in  the  other  that  no  light  comes 
from  a  body.  The  firft  is  a  quality,  properly  or 
only  oppofed  to  tranfparency ;  the  lail  will  fignify 
darknefs  in  a  body,  from  whatever  caufe. 

Opacity  being  confidered  in  the  moil  exten- 
sive fenfe,  then,  as  there  are  two  different  princi- 
ples of  lu  mi  nation  or  modes  by  which  light  miy 
proceed  from  a  body,  the  quality  of  opacity  may 
be  examined  in  relation  to  each. 

Light  properly  belonging  toa  body,  being  emit- 
ted, is  faid  to  come  from  a  luminous  body  ;  there- 
fore opacity  in  being  applied  to  a  body,  may  mean 
a  body  that  emits  no  light  of  it's  own.  But  x\ 
in  this  cafe,  the  light  to  be  emitted  is  fuppofed  to 
be  part  of  the  body,  or  it's  fubftance's  opacity,  in 
this  particular  fenfe,  will  mean  a  quality  only  in 
re  I  a  uon  to  the  fublUncc  of  the  body,  and  not  to 
it's  form,  that  is,  to  it's  figure  and  volume. 

At  the  fame  time  that  this  quality  of  op 
is  thus  found  to  he  applicable  only  to  the  fubftancc 
ui  a  body,  it  mud  alfo  appear  that  this  is  onlv  a 
negative  quality,  meaning  that  the  body  has  no 
light  of  it's  own  to  emit ;  or,  if  it  does  contain  lu- 
minous matter,  that  there  are  not  proper  condi- 
tions for  the  emiflion  of  that  fubfiance. 

With  regard  to  the  other  mode  of  giving 
light,  when  a  body  may  have  opacity,  or  (hall  be 
confidered  as  opake,  this  jrelatcs  to   incident  or 

foreign 
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gn  light.     Light   falling  on  a  body  may  be 

thcr  reflected,   in  which  cafe  it  illuminates  the 

it  may  be  tranfmitted,  in  which  cafe  the 

ranfparcnt  ;  in  neither  of  thofe  two  cafes, 

is  a  quality,   neceffarilv  perceived   in 

tat  li^ht  entering  the  furfaceofthe 

ere  retained  without  immediate 

r  eived  a  quality  in  the 

body,  fame  time  that  it  is  a  pofitive 

quality,  is  alio  properly   fpeaking  the  quality  of 

Opacify,  as  being  oppofed  to  the   tranfmiffion   of 

light,  *hich  is  transparency. 

In  this  cafe  of  opacity,  confidered  as  a  poll- 
!ive  quality,  no  relation  is  to  be  perceived  between 
Form,  figure,  or  volume,  the  proper  qualities  of  a 
tody,  and  this  quality  or  power  in  relation  to  light; 
"hcrcfore,  opacity,  in  this  molt  proper  fenfe,  muft 
>e  confidered  as  a  quality,  which,  w-hilft  it  is  po- 
itive,  belongs  only  to  the  fubftancc  of  the  body, 
nd  may  be  properly  examined  without  attending 
D  the  form  or  volume, 

Tranfparency  confifting  in  the  free  tranfmif- 
!on  of  light  through  a  body,  the  abfolutc  folidity 
f  the  particles  of  matter  in  a  body  muft  be  incon- 
ftent  with  that  quality  ;  for,  as  tranfparent  bodies 
ranfmit  light  equally  in  all  directions,  it  is  only 
>y  fuppofing  the  refilling  parts  of  the  body  to  be  to 
he  unrcfifting  parts,  in  a  ratio  Iefs  than  any  afTign- 
ble  proportion,  that  this  quality  of  perfeft  tran- 
parency  can  be  thought  confident  with  the  extens- 
ion, and  direct  motion  of  the  rays  of  light.  At 
he  fame  time,  in  judging  from  the  hardnefs  and 
neompreflibility,  if  thefc  are  fuppofed  to  depend 
pon  the  folidity  of  the  fubftance,  there  muft  be  a 
reat  proportion  of  matter  in  the  body* 

But  as  there  is  no  reafon  to  doubt  of  the  per* 

\t  tranfparency  of  bodies,  confidered  folely  as  a 

anfmitting  quality,  there  is  perhaps  every  reafon 

Vol.  II.  G  g  that 


448    Lectures  on  Natural  Philosophy. 

they  are  illuminated,  arc  confidered  as  of  two  kiadi, 
cither  tranfparent  or  opake.  Here  it  thertfbit 
another  fenfe,  in  which  opacity  maybe  taken; 
confequently,  before  the  various  affc&ions  oi 
and  bodies  are  examined,  it  will  be  proper  to  have 
a  diftinct  notion  of  this  quality,  which  may  per- 
haps be  confidered  in  different  fenfes. 

Opacity,  as  a  quality  in  bodies,  may  be  con- 
fidered cither  in  a  more  limited  or  in  a  more  ct- 
tenfivc  fenfe;  in  the  one  cafe  it  fignifies  want  of 
transparency,  in  the  other  that  no  light  corod 
from  a  body.  The  firft  is  a  quality,  prop* 
only  oppofed  to  tranfparency  ;  the  lait  will  fignify 
darknefs  in  a  body,  from  whatever  caufe. 

Opacity  being  confidered  in  the  mod  extto* 
five  fenfe,  then,  as  there  are  two  different  princi- 
ples of  lamination  or  modes  by  which  light  nut 
proceed  from  a  body,  the  quality  of  opacity  mif 
be  examined  in  relation  to  each. 

Light  properly  belonging  toa  body,  being  emit* 
ted,  is  faid  to  come  from  a  luminous  body  ;  there- 
fore opacity  in  being  applied  to  a  body,  may  mein 
a  body  that  emits  no  light  of  it's  own.  But  as, 
in  this  cafe,  the  light  to  be  emitted  is  fuppofed  to 
be  part  of  the  body,  or  it's  fubftanec's  opacity,  in 
this  particular  fenfe,  will  mean  a  quality  only  in 
relation  to  the  fubftance  of  the  body,  and  not  to 
it's  form,  that  is,  to  it's  figure  and  volume. 

At  the  fame  time  that  this  quality  of  opacity 
is  thus  found  to  be  applicable  only  to  the  fubftance 
'of  a  body,  it  mull:  alfo  appear  that  this  is  ontv  a 
negative  quality,  meaning  that  the  body  has  no 
light  of  it's  own  to  emit ;  or,  if  it  does  contain  lu- 
minous matter,  that  there  are  not  propyl 
tions  for  the  erniflion  of  that  fubltance. 

With  regard   to  the  other  mode  of  g, 
light,  when  a  body  may  have  opacity,  or  (hall  be 
confidered  as  opake,   this  relates  to   incident  or 
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rign  light.     Light  falling  on  a  body  may  be 

bcr  reflected,   in  which  cafe  it  illuminates  the 

or  it  may  be  tranfmitted,  in  which  cafe  the 

mfparcnt ;  in  neither  of  thofe  two  cafes, 

a  quality,    ncccfiarily  perceived   in 

light  entering  the  furface  of  the 

*  ere  retained  without  immediate 

-eived  a  quality  in  the 

,e  time  that  it  is  a  pofitive 

,  is  alio  properly   fpeaking  the  quality  of 

icity,  as  being  oppnfed  to  the   tranfmiflion    of 

ght#  which  is  transparency. 

In  this  cafe  of  opacity,  confidcred  as  &  pofi- 
tve  quality,  no  relation  is  to  be  perceived  between 
arm,  figure,  or  volume,  the  proper  qualities  of  a 
iy,  and  this  quality  or  power  in  relation  to  light; 
ercfore,  opacity,  in  this  moft  proper  fenfe,  muft 
considered  as  a  quality,  which,  whilfl  it  is  po^ 
itivc,  belongs  only  to  the  fubftancc  of  the  body, 
nd  may  be  properly  examined  without  attending 
Cjthe  form  or  volume. 

Tranfparency  confifting  in  the  free  tranfmif- 
'on  of  light  through  a  body,  the  abfolute  folidity 
f  the  particles  of  matter  in  a  body  muft  be  incon- 
ftcnt  with  that  quality  ;  for,  as  tranfparcnt  bodies 
""anfmit  light  equally  in  all  directions,  it  is  only 
y  fuppofing  the  refilling  parts  of  the  body  to  be  to 
ie  unrcfifting  parts,  in  a  ratio  lefs  than  any  affign- 
blc  proportion,  that  this  quality  of  perfc<5t  tran- 
aarency  can  be  thought  confident  with  the  exten- 
on,  and  direct  motion  of  the  rays  of  light.  At 
he  fame  time,  in  judging  from  the  hardnefs  and 
ncornprcfllbility,  if  thefc  are  fuppofed  to  depend 
pon  the  folidity  of  the  fubftancc,  there  muft  be  a 
rear  proportion  of  matter  in  the  body* 

But  as  there  is  no  reafon  to  doubt  of  the  per* 

A  tranfparency  of  bodies,  confidcred  folely  as  a 

anfmitting  quality,  there  is  perhaps  every  reafon 
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they  arc  illuminated,  arc  confidered  as  of  two  kiidj, 
cither  tranfparent  or  opakc.  Here  is  therefore 
another  fenfe,  in  which  opacity  may  be  taken 
confequently,  before  the  various  affections  of  light 
and  bodies  are  examined,  it  will  be  proper  to  hate 
a  diftindt  notion  of  this  quality,  which  may  per- 
haps be  confidered  in  different  fenfes. 

Opacity,  as  a  quality  in  bodies,  may  be  con- 
fidered either  in  a  more  limited  or  in  a  more  ex- 
tenfive  fenfe ;  in  the  one  cafe  it  fignifiea  want  of 
traniparency,  in  the  other  that  no  light  comes 
from  a  body.  The  firft  is  a  quality,  properly  or 
only  oppofed  to  tranfpareney  ;  the  lait  will  fignify 
darknefs  in  a  body,  from  whatever  caufe. 

Opacity  being  confidered  in  the  molt  exteo 
five  fenfe,  then,  as  there  arc  two  different  princi 
pies  of  lamination  or  modes  by  which  light  may 
proceed  from  a  body,  the  quality  of  opacity  may 
be  examined  in  relation  to  each. 

Light  properly  belonging  toa  body,  being  emit- 
ted, is  faid  to  come  from  a  luminous  body  *t  there- 
fore opacity  in  being  applied  to  a  body,  may  mean 
a  body  that  emits  no  light  of  it's  own.  But  as, 
in  this  cafe,  the  light  to  be  emitted  is  fuppofed  to 
be  part  of  the  body,  or  it's  fubftancc's  opacity,  in 
this  particular  fenfe,  will  mean  a  quality  only  in 
relation  to  the  fubftancc  of  the  body,  and  nor  to 
it's  form,  that  is,  to  it's  figure  and  volume. 

At  the*  fame  time  that  this  quality  of  opacity 
is  thus  found  to  be  applicable  only  to  the  fubftancc 
X>(  a  body,  it  muft  alfo  appear  that  this  is  only  a 
negative  quality,  meaning  that  the  body  has  no 
light  of  it's  own  to  emit ;  or,  if  it  does  contain  lu* 
minous  matter,  that  there  arc  not  proper  condi- 
tions for  the  emiflion  of  that  fublUnce. 

With  regard  to  the  other  mode  of  giving 
light,  when  a  body  may  have  opacity,  or  fliall  be 
confidered  as  opakc,  this  relates  to    incident  or 
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gn  I  gilt.     Light   falling  on  a  body  may  be 

fleeced,   in  which  cafe  it  illuminates  the 

be  tranfmitted,  in  which  cafe  the 

mfparcnt  ;  in  neither  of  thofe  two  cafes 

,  as  a  quality,   neccflarily  perceived   in 

light  entering  the  furface  of  the 

-  retained  without  immediate 

recited  a  quality  in  the 

e  time  that  it  is  a  pofitivc 

ity,  is  alfo  properly   fpeaking  the  quality  of 

city,  as  being  oppnfed  to  the    tranfmilTion    of 

Tght,  which  is  transparency. 

In  this  cafe  of  opacity,  confidcred  as  a  pofi- 
ive  quality,  no  relation  is  to  be  perceived  between 
orm,  figure,  or  volume,  the  proper  qualities  of  a 
body,  and  this  quality  or  power  in  relation  to  light; 
rhcrefore,  opacity,  in  this  nioft  proper  fenfe,  muft 
ie  confidered  as  a  quality,  which,  whilft  it  is  po- 
itive,  belongs  only  to  the  fub  fiance  of  the  body, 
nd  may  be  properly  examined  without  attending 
o  the  form  or  volume, 

Tranfparency  confifting  in  the  free  tranfmif- 
ion  of  light  through  a  body,  the  abfoiutc  folidity 
f  the  particles  of  matter  in  a  body  muft  be  incon- 
lftcnt  with  that  quality  ;  for,  as  tranfparent  bodies 
ranfmit  light  equally  in  all  directions,  it  is  only 
>yfuppofing  the  refitting  parts  of  the  body  to  be  to 
the  unrefifting  parts,  in  a  ratio  lefs  than  any  afllgn- 
ible  proportion,  that  this  quality  of  perfect  tran- 
parency  can  be  thought  confident  with  the  cxten- 
on,  and  direct  motion  of  the  rays  of  light.  At 
le  fame  time,  in  judging  from  the  hardnefs  and 
ncomprcffibility,  if  thefc  are  fuppofed  to  depend 
ipon  the  folidity  of  the  fubilance,  there  muft  be  a 
rear  proportion  of  matter  in  the  body. 

But  as  there  is  no  rcafon  to  doubt  of  the  per- 
rtfl  tranfparency  of  bodies,  confidcred  folety  as  a 
•anfmitting  quality,  there  is  perhaps  every  reafon 
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they  are  illuminated,  are  confidcred  as  of  two  kti*d*» 
cither  tranfparent  or  opake,  Here  h  therefore 
another  fenfc,  in  which  opacity  may  be  taken ; 
confequently,  before  the  various  aflfc&ion*  of  light 
and  bodies  are  examined,  it  will  be  proper  to  have 
a  diftind:  notion  of  this  quality,  w  hich  may  per- 
haps be  confidered  in  different  fenfes. 

Opacity,  as  a  quality  in  bodies,  may  be  coa- 
fidered  either  in  a  more  limited  or  in  a  more  tx- 
tenfivc  fenfc ;  in  the  one  cafe  it  fignifies  warn 
transparency,  in  the  other  that  no  light  comet 
from  a  body-  The  firft  is  a  quality,  properly  or 
only  oppofed  to  tranfparency  ;  the  laft  w  ill  figaifjr 
darknefs  in  a  body,  from  whatever  caufe. 

Opacity  being  confidered  in  the  moft  exteo- 
live  fenfc,  then,  as  there  are  two  different  princi 
pies  of  lumination  or  modes  by  which  light  may 
proceed  from  a  body,  the  quality  of  opacity  ma; 
be  examined  in  relation  to  each* 

Light  properly  belonging  toabody,  being  emit 
ted,  is  faid  to  come  from  a  luminous  body  ;  there- 
fore opacity  in  being  applied  to  a  body,  may  mean 
a  body  that  emits  no  light  of  it's  own.     But  a*, 
in  this  cafe,  the  light  to  be  emitted  is  fuppofed  to 
be  part  of  the  body,  or  it's  fubftancc's  opacity,  i 
this  particular  fenfc,  will  mean  a  quality  only  i 
relation  to  the  fubllance  of  the  body,  and  not  t 
its  form,  that  is,  to  it's  figure  and  voluiv 

At  the  fame  time  that  this  quality  of  opaci 
is  thus  found  to  he  applicable  only  to  the  fubftanc 
"of  a  body,  it  muft  alfo  appear  that  this  is  only  a 
ncgacive   quality,  meaning  that  the  body  has  no 
light  of  it's  own  to  emit  ;  or,  if  it  does  contain  1 
mmous  matter,  that  there  arc  not  proper  condi 
tions  for  the  erniflion  of  that  fubllance. 

With  regard   to  the  other  mode  of  givinj 
light,  when  a  body  may  have  opacity,  or  11 
confidcred  as  opake,  this  jrelatcs  to    incident 
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they  are  illuminated,  are  confidered  as  of  two  k 
either   tranfparent  or  opake.     Here   is  therefi 
another  fenfe,   in  which  opacity  may  be   taken 
eonfequently,  before  the  various  affections  of  li  * 
and  bodies  are  examined,  it  will  be  proper  to  ha 
a  diftindt  notion  of  this  quality,  which  may  per* 
haps  be  confidered  in  different  fenfes. 

Opacity,  as  a  quality  in  bodies,  may  be  con- 
fidered cither  in  a  more  limited  or  in  a  more 
tenfivc  fenfc;  in  the  one  cafe  it  fignifies  want 
traniparency,   in   the  other  that  no  light  co; 
from  a  body.     The  firft  is  a  quality,  properly 
only  oppofed  to  tranfparency  ;  the  lall  will  fignif] 
darknefs  in  a  body,  from  whatever  caufe. 

Opacity  being  confidered  in  the  moft  exteo- 
live  fenfe,  then,  as  there  are  two  different  princi- 
ples of  lumination  or  modes  by  which  light  may 
proceed  from  a  body,  the  quality  of  opacity  maj 
be  examined  in  relation  to  each* 

Light  properly  belonging  toabody,  being  emit- 
ted, is  faid  to  come  from  a  luminous  body  ;  there- 
fore opacity  in  being  applied  toabody,  may  mean 
a  body  that  emits  no  light  of  it's  own.  But  as, 
in  this  cafe,  the  light  to  be  emitted  is  fuppofed  to 
be  part  of  the  body,  or  it's  fubftancc's  opacity,  in 
this  particular  fenfe,  will  mean  a  quality  only  in 
relation  to  the  fubftance  of  the  body,  and  not  to 
it's  form,  that  is,  to  it's  figure  and  volun 

At  the  fame  time  that  this  quality  of  opacity 
is  thus  found  to  be  applicable  only  to  the  fubftance 
'of  a  body,  it  mull  alio  appear  that  this  is  only  a 
negative  quality,  meaning  that  the  body  has  no 
light  of  it's  own  to  emit  j  or,  if  is  does  contain  lu- 
minous matter,  that  there  are  not  proper  condi- 
tions for  the  emiftion  of  that  fubftance. 

With  regard  to  the  other  mode  of  giving 
light,  when  a  body  may  have  opacity,  or  fhall  be 
confidered  as  opakc,   this  relates  to   incident  or 
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tdteign  light.  Light  falling  on  a  body  may  be 
cither  refle&edi  in  which  cafe  it  illuminates  the 
body,  or  it  may  be  tranfmitted,  in  which  cafe  the 
body  is  ttenfparent ;  in  neither  of  thoft  two  cafes* 
is  opacity,  as  a  quality,  neceflarily  perceived  in 
that  body.  But  light  entering  the  furface  of  the 
body,  and  being  there  retained  without  immediate 
emiffion,  here  is  to  be  perceived  a  quality  in  the 
body, -which,  at  the  fame  time  that  it  is  a  pdfitivc 
.quality,  is  alfo  properly  fpeaking  the  quality  of 
opacity,  as  being  oppofed  to  the  tranfmiffion  of 
light,  Which  is  transparency. 

In  this  cafe  of  opacity,  confidered  as  a  pctfU 
tive  quality,  no  relation  is  to  be  perceived  between 
form,  figure,  or  volume,  the  proper  qualities  of  a 
body,  and  this  quality  or  power  in  relation  to  light; 
therefore,  opacity,  in  this  moft  proper  fenfc,  muft 
be  confidered  as  a  quality,  which,  whilft  it  is  po-* 
fitive,  belongs  only  to  the  fubftance  of  the  body, 
ind  may  be  properly  examined  without  attending 
to  the  form  or  volume. 

Tranfparency  confifting  in  the  free  tranfmif- 
fion of  light  through  a  body,  the  abfolute  folidity 
>f  the  particles  of  matter  in  a  body  muft  be  incon- 
iftent  with  that  quality  ;  for,  as  tranfparent  bodies 
ranfmit  light  equally  in  all  diredions,  it  is  only 
>y  fuppofing  the  refilling  parts  of  the  body  to  be  to 
he  unrefifhng  parts,  in  a  ratio  lefs  than  any  affign- 
ble  proportion,  that  this  quality  of  perfcdt  tran- 
sparency can  be  thought  confiftent  with  the  exten- 
ion#  and  direct  motion  of  the  rays  of  light.  At 
he  fame  time,  in  judging  from  the  hardnefs  and 
acomprcflibility,  if  thefe  are  fuppofed  to  depend 
pon  the  folidity  of  the  fubftance,  there  muft  be  a 
reat  proportion  of  matter  in  the  body. 

But  as  there  is  no  reafon  to  doubt  of  the  per- 
»£l  tranfparency  of  bodies,  confidered  folely  ar 
ranfmitting  quality,  there  is  perhaps  every  rca* 
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*  ^hat  can  be  drawn  from  the  concurring  tcftimonf 
of  natural  appearances,  to  juftify  the  iuppofitio^ 
that,  in  a  tranfparent  body,  the  abfolute  volune 
of   matter,   neceffarily  oppofing   the   paf&ge  of 
light,  and  the  abfolute  volume  of  the  parts  of  ligfc 
that  muft  nceeffarily  be  oppofed  in  pamng  xhswfc 
that  body^  arc,  to  the  reft  of  the  (pace,  in  a    " 
lefs  than  any  affignable  proportion.     This  1 
the  cafe,  it  muft  be  evident,  that  thofe  twq^qi 
tics  of  tranfparency  in  relation   to   the  rayi 
light,  and  refitting  power  in  relation  to  exta 
force,  arc  things  plainly  inconfiftent,  if  wq  aiejp 
Juppofc  folid  matter  to  be  the  principal  of  bo- 
dies. 

On  the  other  hand,  opacity,  confidercd  as  s 
quality  by  which  tranfmiflton  through  die  fub- 
ftance  of  a  body  is  refufed,  will  appear  not  tt 
.arifc  from  the  neccflary  reiiftance  of  the  matter  is 
^a  body  10  the  rays  of  light  from  it's  extension,  nor 
from  the  mechanical  difpofition  of  that  matterin 
any  conceivable  manner;  for,  ift,  According  tt 
any  way  of  forming  a  judgment,  with  regard  tt 
the  quantity  of  matter  in  a  body,  that  quantity  docs 
not  appear  to  have  any  influence  in  producinj 
opacity. 

2<JIy,  The   fmalleft   examinable    quantity  rf 
matter,  fufiiciently  opake,  appears  to  be  as  effec- 
tual to  interrupt  the  paflagc  01  light,  as  thegreatcft 
.quantity  of  matter  not  fufiiciently  opakc  ;  at  the 
.feme  time  this  quality  of  opacity  in  a  body, dotf 
not  appear  to  be  altered  by  any*mech»nical  change 
or.difpolition  of  the  parts:  therefore,  though  the 
tranfparency  of  bodies  were  explicable  from  the 
iuppolition  of  infinite  flrength,  and  infinirc  nrilf, 
in  the  folid  matter  and  conftrudtion  of  bodies,  this 
.theory  or  Iuppolition  would  ftill  be   inconlIftrt|c 
•w'lih  the  oppolitc.quality,  that  is,  opacity  in  boJiwI*' 
tor,  \fchile  thc.greatcft  quantity  of  a  denfe  trant I 
:..■:"  *  jwriDfj 
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t  fubilance  tranfmits  light  perfectly  in  every 

iblc  direction,  the  fmalleft  quantity  of  a  rare 

Jubilance  fuflices  to  arrcfl  light  or  retain  it, 

irhout  reflection  or  tranfmiffion.     It  is  thus  im- 

flible,  upon  mechanicai  principles,  to  reconcile 

two  different  qualities  of  bodies;  therefore, 

leildent   of  the  infurmountablc    difficulty  of 

rudiing  the  folid  matter  of  bodies  for  thofe 

oppofite  purpofes,   here  is  a  demonft  ration, 

from  the  iimple  quantities  of  the  matter  in  bodies, 

inch  it  is  proved,  that  opacity  does  not  arife 

from  any  mechanical  conftruction  of  folid  matter; 

and   therefore,   that   bodies  are  not  compofed  of 

d  matter  and  fpace,  feparate  and  contiguous. 

;ht  appears  to  pals  through  the  fubftancc 

of  a  homogeneous  tranfparent  body  with  equal  fa- 

as  it  is  conceived  to  move  in  the  rare/}  or 

}  fpace  ;  confequently,  the  matter  of  fuch  a 

Hody  makes  no  fenfible  refinance  to  light.     Thcre- 

be  inquired,  what  kind  of  matter  is  i\ 

hat  has  not  the  power  of  refilling  light  ?  Or,  what 

irticular  powers  in  bodies  are  aifoeiated  with  this 

deficiency  of  power  in  relation  to  light  ? 

Th  left  and  foj'tcft  bodies  arc  equally  tranf- 

parent ;   light  does   not  appear  to   be  tranfmittcd 
through  :.  ui  with  lefs  facility  than  through 

therefore,  that  power  in  bodies,  which 
rcfifts  the  motion  of  the  parts  in  relation  to  each 
other  with  fo  great  tnteniity,  does  not  relift  the 
motion  of  light,  or  this  particular  modification  of 
matter. 

nd  concreted  bodies,  water  and  cryftal, 
are  equally  tranfparent ;  confequently,  that  power 
which  the  parts  of  bodies  arc  directed  to  parti- 
Li  r  lunar  ions,  does  not  interpofe  any  reliftaacc 
to  the  paffage  of  light. 

Heavy  bodies  may  be  tranfparent,  as  well  as 
p  bodies  ;  gfafs  of  lead,  cryjlaijcc,  airM  are  all 
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tranfparent  bodies ;  therefore,  as  the  matter  of 
light  appears  to  hav«  no  gravitating  power,  the 
power  of  gravitation  in  bodies  makes  no  oppofi- 
tion  or  refinance  to  the  motion  of  light. 

The  particular  attraftive  powers  of  fubftances 
appear  to  be  no  more  difpofed  to  refift  the  matter 
of  light,  than  the  general  powers  of  bodies  whick 
have  been  confidered ;  thus  air,  water,  acid,  il* 
kali,  and  neutrals,  are  all  tranfparent. 

Therefore,  from  the  examination  of  bodio 
with  regard  to  tranfparency,  this  general  concli- 
fion  may  be  formed,  that  the  at t raff ive  gravitatiq 
matter  in  bodies  appears  to  have  no  power  calcu- 
lated to  oppofe  and  refill  light. 

But  in  opake  bodies,  there  arc  powers  by 
which  light  is  effectually  refitted. 

In  the  tranfparent  bodies  already  examined, 
every  fpecics  of  fubftancc  has  been  confidered,  ei- 
#/cpt  one ;  and  this,  which  is  phlogijlic  fubftancc, 
not  yet  examined  with  regard  to  light,  has  been 
found  capable  of  oppofing,  refilling,  and  chang- 
ing every  general  attractive  or  gravitating  povcf 
in  bodies  :  therefore,  on  finding  rhis  fubftancc 
properly  adapted,  whether  in  a  mediate  or  imme- 
diate manner,  for  the  oppoiition,  refinance,  and 
change  of  light,  the  qualities  of  tranfparency  and 
opacity  in  bodies  will  be  properly  explained;  at 
the  fame  time  that  this  natural  appearance  of 
tranfparent  and  opake  bodies  being  in  perfect  con- 
filleney  with  the  theory  of  matter  already  invefti- 
gated,  w  ill  add  that  confirmation  which  in  phy  ileal- 
fubjects  is  required. 

Tranfparent  bodies  have  been  confidered  $ 
not  affecting  the  light,  which  thus  travcrfes  their 
fuhllance  with  perfect  facility  ;  but  it  is  a  need- 
la  ry  condition  tor  this  purpofe,  that  the  fubfhnrt 
be  loiiu  geneous,  and  equal  in  it's  denlity,  or,  th^ 
the  body  be  luiHcicntly  uniform  io  relation  to  ri* 

voJufi* 
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volume  occupied  by  it's  feveral  parts;  for  a  greater 
degree  pf  denfity  in  one  part  of  a  body,  otnerwife 
perfedlly  homogeneous,  difpofes  the  body  to  affect 
the  light  in  that  part  where  the  change  of  deniky 
Cakes  place. 

Hence  the  furfaces  of  contiguous  bodies,  which 
are  tranfparent,  but  of  different  dcnlitics,  are  ob- 
ferved  to  affedt  light  in  different  ways,  and  ac- 
cording to  a  certain  rule. 

Thus  reflection,  rcf ra# ion,  and  ejtiq&ion,  are 
aficdions  pf  light  by  tranfparent  bodies,  the  rule 
or  laws  of  which,  to  the  honour  of  phUofophy, 
havo  been  fo  well  inveftigated. 

From  the  particular  laws  obferved  in  thofc 
cafes,  there  is  reafon  to  conclude,  that  there  arc 
certain  powers  (ituated  in  a  place  correfponding  to 
the  furfaces  of  bodies,  by  which  light,  that  other- 
wife  "would  be  -unaffedled,  may  be  both  defledted  in 
it's  courfe,  and  arretted  in  it's  motion.  But  on 
considering  eieftricky,  there  are  found  certaii) 
powers  fkuatedprecHciy  in  this  place ;  and,  *s  the 
matter  of  eledtricity,  which  is  properly  (ituated  in 
this  place,  and  chat  proper  to  phlogiftic  fuhftance 
by  which  alone  light  has  appeared  to  be  affected, 
are  of  the  fame  kind,  being  different  modifications 
of  the  fame  fpecies  of  matter,  there  is  reafon  to 
conclude,  that  the  powers  by  which  light  is  af«* 
felted  at  the  furfaces  of  tranfparent  hodies,  are  of 
the  fame  nature  with  thofe  by  which,  in  opake  bo- 
dies, light  is  alfo  found  to  be  affedted. 
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Of  the   Inflations    of    tub    Ravs   or  Licjs 
which  pass  in  r«B  Vic  in  n  ies  of  Bodies. 


THE    experiments   on   this    fubject  by 
I.  Nekton  Mere  the  laft  that  he  made,  and  are 
know! edged   by  himfelf  to  be   incomplete 
who  have  followed  him  in  this  delicate  and  i: 
portant    department  of  natural   philofophy,  hai 
done  little  more  than  added  fome  infulatcd  fktu 
thofe  obferved  by  him.     The  law  followed  by 
powers  that  inflect  the  light,  and  the  limits  of  i 
aclion,  are  vet  unknown.  One,  however,  of  thegi 
neral  rcfuTts  from  the  experiments  is,  fJbaf  in 
**pGtt  light  at  J'maU  dijiames  ly  attraaton  and  rffxt- 

If4a  beam  of  the  fiin'a  light  be  admitted  into 
a  darkened  chamber,  through  a  hole  of  the  breadth 
of  a  forty-fecondth  part  of  an  inch  or  thereabouts 
the   ih::*im\s   v{  hairs,  threads,   pins,  flraws,  &c. 
appear  ronfuierably  larger  than  they  would  be  il 
the   light  paflfctl  by  them  in  ftrait  linesP     For  ex- 
ample^ a  hair  whofc  breadth  was  the  280th  part  of 
an  inch  being  held  in  this  light,  at  about  1:  feet 
from  [he  hole,  call  a  ihadow,  which  at  the  difhnte 
of  4  inches  from  the  hair  was  the  both  part  of  an 
inch  broad,  that  is,  above* four  times  the  breadth  of 
the  hair.     And  the  effect  is  the  fame,  though  'J» 
denfil       -f   the  medium   contiguous  to    the   fnult 
ered,  the  fhadow  at  like  di fiances  I 
tl4  whether  it  was  in  the  open  air,   cr  inclofti] 
0  plates  of  wet  glafs,  care   being  taken 
iaence  and  emergence  of  the  iav  v      I 
-  lay  to  the  glafles.     The    fenuches  r*- 
rh.e   i\ii\c,rc}   or  veins   in   the  glafs,   caft  fhado 
broacr  than  they  ought  to  be,  from  the 
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rra<5Hon  vhich  might  arifc  from  any  aiftion  of  the 
imbient  medium. 

Let  x,  fig.  2,  pi.  7,  be  a  hair  placed  in  the 
>eam;  ADG,  BEH,  KNQ,  LOR,  rays  of 
ight  pafling  by  the  fides  of  it,  are  hent  at  x,  and 
ailing  upon  the  paper  G  Q,  the  two  rays  T  I,  V  S, 
>afs  by  the  hair  without  being  deflected  ;  but  all 
he  rays  between  TI  and  VS  arc  bent  in  palling 
>y  the  hair,  and  turned  afide  from  the  lhadow  I  S. 
L'he  light  paifing  ncareft  the  hair,  as  at  X)  and  N, 
i  moft  bent  palling  to  G  and  O;  thofe  that  are. 
irther  off,  as  at  li  and  O,  are  lefs  bent ;  and  loon 
ex  T  I  and  VS:  confequently  the  ad  ion  upon  the 
ays  of  light  is  ftrongeft  at  the  lcait  diftanccs,  and 
;rows  .weaker  and  weaker  as  the  diltance  of  the 
ay  pafllng  by  is  increafed. 

The  fhadows  of  all  bodies  in  this  light  are* 
lordercd  with  three  parallel  fringes  of  coloured 
ight ;  the  neareft  to  the  ihadow  is  the  brighteft, 
/id  the  furthcit  very  faint ;  the  order  of  the  co- 
ours,  reckoning  from  the  inncrmoft,  are  violet,  ■ 
ilue,  green,'  yellow,  red.  On  looking  at  the  fun 
hrough  a  feather  or  black  ribbon,  held  ck)fe  to 
he  eye,  feveral  fringes  of  colours  will  appear. 

Let  a  beam  of  the  fun's  light  be  admitted 
hrough  a  hole  |  of  an  inch  broad;  place  a  Iheet  of 
aft e board,  blacked  on  both  fides,  at  about  3  feet 
jx>m  the  hole  ;  in  the  middle  of  the  paftcboard 
Ct  there  be  a  hole  ».  of  an  inch  fquarc  for  the  light 
o  pafs  through ;  behind  the  palteboard  fallen  the 
iladc  of  a  lharp  knife,  fo  as  to  ftop  part  of  the 
ight  going  through  the  hole.  The  knife  and 
mftcboard  arc  to  be  parallel,  and  both  to  be  at 
ight  angles  to  the  beam.  Let  a  part  of  the  light, 
K.hich  paifes  by  the  knife  edge,  fall  upon  a  white 
>aper  at  about  3  feet  diftance,  and  there  will  be 
jvo  ftreams  of  light  ihooring  out  both  ways  into 
lie  ihadow,   fomewhat  like  the   tails   of  comets. 

G  g  4  Thefc 
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'  Thefe  ftrtams  beirtg  vtry  faiftt,  it  it  gfcceflafft  t| 
order to  fee  them  diftin&ly,  to  let  the  dirtfc  ityt 

Ekfs  through  a  hole  ill  the  paper  on  a  bjtcfc  o(1 
lack  cloth  ;  the  light  of  the  ftreams  is  thtajKf- 
ceptiHe  on  the  paper  to  the  diftapce  of  t  of  I 
Inches  from  the  fun's  direft  light  eacb  w*yf  audi* 
all  the  progrcfs  from  that  direct  light  dftttlfa 
gradually  till  it  becomes  infenfiWe.  ^ 

Placing  another  knife  with  it's  tdgevttya&r 
and  parallel  to  the  firft,  if  they  be  diftaat  d* 
400th  part  of  an  inch,  the  ftrcarn  of  light  pifitf 
between  them  will  be  divided,  parting  in  thriwf 
jdle,  leaving  a  dark  (hadow  in  the  interval :  at  d* 
edges  approach,  the  (hadow  grows  broader*  **4 
the  ftream  narrower  at  the  inner  end :  fo  that  the 
light  that  is  lead  bent  goes  to  the  inner  end  of  the 
ftream,  and  pafles  at  the  greateft  diftance  from  tht 
k  .edges.  This  diftance  is  about  the  8o£th  paftoftl 
inch;  when  the  fhadoW  begins  firft,  the  light  whidr 
pafles  at  iefs  diftances  is  more  bent*  and  goes  to 
that  fide  which  is  fartheft  from  the  direct  light: 
a  little  before  the  fhadows  appear,  the  fringes  com- 
mence on  both  (ides,  and  as  the  knives  approach 
they  grow  more  diftind  and  larger,  till  upon  con- 
tact of  the  knives,  the  whole  light  vanifhes,  leav- 
ing it's  place  to  the  (hadow. 

Admit  a  beam  of  the  fun's  light  through) 
fmall  hole,  made  by  a  pin,  in  a  thin  plate  of  lead, 
and  place  a  prifm  at  the  hole  to  refra&  the  light 
on  the  oppofite  wall.  The  fliadows  of  all  bodio 
held  19  the  coloured  light  are  bordcrd  with  fringes 
of  the  colour  of  that  light  in  which  they  are  held; 
in  the. red,  they  are  red  ;  in  the  blue,  blue,  &c.  but 
rl:e  fringes  in  the  red  light,  arc  the  largeft;  thofe 
jn  the  violet,  Icaft ;  the  green,  between  both  ;  and 
this  at  aH  diftances  from  the  fmall  body. 

So  that  th«  rays  which  made  the  fringes  in 
the  red  light,  paScd  by  the  hair  at  a  greater  dif- 
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ttnce  than  thofc  which  made  tlrc  violet  fringes; 
confequently  the  hair  in  caufing  thefe  fringes  a&cd 
fimilarly  upon  the  red  rays,  which  were  at  a  greater 
diftancc,  as  upon  the  violet  at  lefs  diitances;  and 
by  thefe  actions  difpofed  the  red  light  into  larger 
fringes,  and  the  violet  into  fmaller,  &c.  without 
changing  the  coiour  of  the  rays. 

When  a  hair  is  held  in  a  white  beam  of  folar 
light,  and  ca(h  a  fhadow  which  is  bordered  by 
jthree  fringes  of  coloured  light*  thefe  colours  arifc 
fron>  the  various  inflections  by  which  the  rays 
arc  Separated,  and  being  feparated  produce  each 
it's  own  colour.  In  the  laft  experiment,  where 
the  rays  are  feparated  before  the  light  comes  to  the 
hair,  the  red  or  leaft  refrangible  rays  were  in- 
fledted  at  greater  di (lances,  and  the  violet  or  moft 

Tangible  rays  at  a  lefs  ditlance,  making  three 

.-let  fringes  at  a  Ids  diftance,  whillt  the  red 
makes  three  red  fringes  at  a  greater  diftance  ;  the 

ran  rays  making  j  fringes  of  their  proper  co- 
lours at  mean  distances  from  the  fhadow  of  the 
hair-  In  the  white  light  thefe  various  colours  are 
feparated  by  the  various  inflection  of  the  rays,  and 
their  fringes  appear  alt  together;  the  innermoft 
being  contiguous,  make  one  broad  fringe,  com- 
pofed  of  all  the  colours  in  due  order,  the  violet 
being  next  the  fhadow,  and  the  red  fartheft  off, 
and  the  reft  in  their  places.  In  like  manner  the 
middlemoft  fringes  conflitutc  one  broad  fringe,  of 
ali  their  colours,  and  the  outmoll  fringe  compofe 
another  broad  fringe  like  the  reft;  and  thefe  are 

K  three  fringes  of  coloured  light  with  which  the 
(hadows  of  all  bodies  are  bordered. 

From  thefe  and  fomc  other  experiments  of 

the  fame  tendency,  it  may  be   inferred  that  the 

of  light  are  influenced  by  fome  power  that 

turns  them  out  of  their  dircdl  road;  and  as  this 

jpow  r  bends  the  rays  not  into  the  fhadow  of  the 

from  whence  the  influence  is  fuppofed  to 
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proceed,  but  from  the  fhadow,  it  has  been  con- 
lidcred  a*  n  rcp»Ifir£  power  which  is  ftrongtft  at 
the  lead  dlftance. 

Of  thi:  Actios*  of  Light  on  Bodies,  and  tjuy 
the  Colour  or  Plants,  &c\  depends  on  Light. 
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You  will  often  find,  that  philofophical  know- 
ledge makes  quicker  advances  by  reafoning  tip: 
known  fads,  than  by  discovering  new  ones,  uhic 
though  they  enlarge  and  add  to  the  fubje&s 
ought  to  reafon  upon,  are  apt  by  their  novelty  to 
ftrprife  us  into  hafty  undigested  theories.  Wc 
have  a  ftrange  propenfity  to  be  looking  either  be- 
hind or  before  us  for  variety,  inftead  of  cul rivaling 
the  fruitful  fpot  we  ftand  upon,  ]  a  hi  led  to  imkc 
this  and  fome  of  the  following  obfervations  from 
the  fubje<fi  before  us,  which  has  been  too  much 
neglefted  by  modern  philofophcrs  :  we  have  rrea- 
tifes  on  light,  as  fepa rated  and  divided  by  the 
prifm  ;  on  heat,  as  meafured  by  the  thermometer; 
but  none  on  that  ocean  of  the  folar  fluid,  in  which 
air  bodies  are  as  it  were  immcrfed  ;*  none  upon  the 
various  influences  of  the  fun,  upon  which  the  life 
and  aftivity  of  all  things  in  this  natural  world  de- 
pend. They  fcem  to  have  forgotten,  that  the  pro- 
ceffes  continually  carrying  on  in  nature,  on  every 
fide,  are  as  much  the  inftrunients  of  knowledge,  as 
the.  more  refined  apparatus  of  the  experimental 
philofopher.  Senfe  and  experience  acquaint  us 
with  the  courfe  and  analogy  of  appearances  or 
natural  effects  ;  thought,  reafon,  intelleft,  intro- 
duce us  into  the  knowledge  of  their  caufes. 

To  avoid  the  conjectural  method  of  fome  for- 
mer philofophers,  thofe  of  the  prefenr  day  are  con^ 
tinually    labouring    to    accumulate    unconnected 
fads ;  thinking  every  new  form,  or  every  new  ap- 
pearance/ 
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pearance,  an  important  difcovery-,  feldom  cndea-* 
vouring  to  trace  out  thejr  connection  with  fupcrior 
and  inferior  caufes,  on  which  all  their  real  powers 
and  a<5tivities  depend.  If  wc  flop  at  experiments, 
without  proceeding  any  further,  wc  lhall  never  ar- 
rive at  any  caufes  ;  and  if  we  rely  wholly  upon  ex^. 
pcriment,  we  fhall  come  at  none  but  falfe  ones  ;* 
becaufc  the  principal  agent  in  nature  is  fo  fubtil 
as  to  elude  both  fenfe  and  experiment,  fo  that  they 
can  never  difcover  it,  though  when  we  have  been 
told  of  it  they  will  fcrvc  to  demonftrate  it's  obfer- 
vations. 

The  ancients  paid  little  attention  to  experi- 
mental phiLofophy,  but  devoted  themfclvcs,  with  a 
truly  philofophical  ardour,  to  the  obfervation  of 
the  phenomena  of  nature;  and  that  procefs  was 
confonant  to  found  rcafon,  for  experiment  is  only 
properly  called  in  to  fill  up  the  chafm  which  iini- 
pic  obfervation  ncceflarily  leaves. 

The  department  of  experimental  philofophv 
is  the  unfolding  of  thofe  phenomena,  whofe  caufes 
cannot  be  difcovered  by  unafliftcd  rcafon,  and 
whofe  connection  it  cannot  trace  ;  the  advance- 
ment therefore  of  this  branch  of  feience  depends 
on  the  number  and  accuracy  of  our  obfervations 
with  refpedt  to  the  relations  which  natural  objcciU 
have  to  each  other. 

It  has  been  well  obferved  by  Dr.  G.  Fordyce,* 
that  "  all  our  knowledge  of  every  thing  whatever 
muft  arife  from  experiment  only,  that  is,  from  the 
evidence  our  fenfes  give  us  of  what  appearances 
nature,  in  other  words,  the  creatures  of  the  Al- 
mighty, give  impreflions  of.2'  Yet  cc  fomc  of 
thtfe  impreflions  are  received  from  the  ideas  that 
arife  from  things  not  at  all  under  our  dominion,  or 
from  circumftances  more  immediately  governed  by 
t he  Almighty.  Thus,  for  example,  a  man  fees  a 
tree  lofe  it's  leaves  in  autumn,  fees  them  renewej 

in 
*  Fordyce  on  ihe  D:gdtion  of  Food, 
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and  a  new  growth  takes  place  during 

•  ii     mien  he   fees  the.  bloflbms  open    in  the 

'       'hefe  he  finds  followed  by  the  fruit*  which, 

_        into  the  earth,  is  capable  of  producing 

ew  trees  of  the  fame  fpecies  ;  or  he  fees  it  ga* 

cd  by  animals,  and  affording  nourishment.  I» 

•s  modi  of  acquiring  knowledge  man  is  totally 

ve  f  he  did  not  contrive  to  make  leaves  fall  in 

m,  autumn,  and  be  reproduced  in  fpring  ;  he  did 

it  contrive  to  nuke  ~"~  ~"ood  grow  in  the  fum- 

er,  nor  that  bloffbm*  Id  open,  that  the  feeds 

auld  be  impregnated         i  the  embryo  ;  he  did 

>t  contrive  that  the  fruiL    lould  grow,  nor  did  he 

ich  animals  that  it  w  for  their  nourifhmeri. 

hat  knowledge  is  ac     i     i  by  attention  to  thdc 

■tural  circumitances,  i>ri*    cen  called  otjSefmmfm, 

is  indeed  a  contempt      .a  of  the  hentvalence  of 

e  Almighty,  giving  riihment  and  happintfs 

j  all  the  inhabitants  oi        earth, 

"  The  minds  of  mankind,  not  fatisfied  with 
their  powers  of  obfervation  of  what  pafTcs  in  this 
earth,  but  being  even  forced  for  their  own  fubfiH* 
ence  to  exert  themfehes  far  beyond  the  brute 
creation,  are  neecflarily  led  to  make  a  farther  in- 
quiry, and  that  with  a  labour  beyond  the  contem- 
plation of  the  benevolence  of  the  Almighty,  T« 
thofe  creatures  who  have  only  this  earth  to  exifi 
iuf  food  and  raiment  are  afforded,  without  labour 
or  attention,  during  the  fhort  period  of  their  Jives, 
|t  is  not  fufficient  for  the  farmer  to  look  whcr£ 
grain  grows  naturally;  it  is  neeeffary  to  try,  iritb 
an  infinite  variety  of  applications  that  may  be 
made  to  the  ground,  to  produce  crops  fupcxior  to 
thofe  which  Mould  arife  in  it  without  any  cultiva- 
tion. It  is  neceflary  for  the  hunter  not  only  to 
obferve  the  natural  hiftory  of  wild  bcafts,  but  alfo 
to  try  by  what  means  he  can  engage  them  to  fall  into 
his  toils.  It  is  neceflary  for  the  liilicrman,  befidei 
3  admiring 
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admiring  the  multiplicity  of  fi(h,  to  be  able  to 
contrive  either  to  entangle  or  furprife  them  into 
his  nets.  In  many  other  cafes  it  is  neceflary  for 
mankind  not  only  to  contemplate  thofe  things 
--which  happen  naturally,  but  he  is  likewife  con- 
ilraincd  to  form  projects  of  his  own,  and  to  con- 
trive means  of  putting  both  mind  and  matter  in 
ciitumftances  foreign  to  what  would  naturally 
fcrife  in  them,  and  contemplate  the  effeds ;  and 
thig  we  call  experiment. 

fc  Thus  obfervation  and  experiment  are  the 
lburces  of  all  the  knowledge  of  mankind. 

ff  Man  feems  to  have  a  degree  of  pride  planted 
in  his  nature,  which  prompts  him  conftantly  to 
confider  himfelf  as  being  far  fuperior  to  what  he 
actually  is,  which  inftinft  is  the  furcft  proof  that 
be  is  to  be  very  fuperior  indeed.*  But  as  all  the 
virtues  of  man  are  ballanced  by  oppofite  imperfec- 
tions, the  pride  of  experiment  has  often  thrown 
fcience  into  confulion,  inftead  of  advancing  it's, 
ptogrefs.  An  experiment  to  prove  a  thing  other- 
wife  demonftrable  is  totally  fuperfluous,  and  not 
<mly  fuperfluous  but  fallacious/' 

Another  circumftancc  which  injures  philofo- 
phical  pursuits,  and  retards  their  progrefs,  is  the 
neglcd  of  old  principles  as  foon  as  new  ones  are 
aiTumed,  as  if  their  efficiency  ceafed  immediately, 
like  that  of  old  minifters  of  ftate  upon  the  introduc- 
ing of  new  ones.  If  the  placita  of  their  predecef- 
fors  were  not  loft  fight  of  or  neglected,  they  would 
tfboner  attain  the  end  of  their  inquiries,  than  by 

being 

*  Every  vanity  of'  man  (hews  his  degraded  ftate,  and  from 
tyhat  dignity  he  has  fallen.  Did  not  man  find  and  feci  (hat  he 
it  a  poor  prifoner  in  the  valley  and  fhadow  of  death,  he  would 
fto  more  nave  any  of  thofe  inftinlh  alluded  to  above,  nor  any 
teaching  defire  after  all  the  beauties  of  fallen  nature,  khan  the  ox 
to  have  his  paftuic  inclofed  with  beautiful  walls  and  painted 
gate*. 
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bcin^  fo  intent  on  their  own  difcoverics  as  to  fytg. 
led;,  as  rubbilh,  all  thofc  circutaftanccs  that  were 
formerly  of  fuch  moment.  t 

That  light  and  fire  arc  fubftantially  the  fame, 
cr  different  modifications  of  the  fame  fluid,  is  cvi- 
3cnt  from  their  commutability,  or  their  reciprocal 
generation  of  each  other*  For  as  fire  necelEmly 
generates  light,  and  thus  difeovers  itfelf  to  the 
funic  of  feeing  as  infallibly  as  to  the  feeling;  fo 
light  conveyed  to  a  focus,  constitutes  pure  fuc, 
Light  and  heat  are  propagated  by  the  fame  laws; 
they  act  in  ilrait  lines  j  they  diflfufc  thcmfclvcf 
from  a  center  outward  ;  their  powers  decay  ac- 
cording to  their  diftanccs  from  the  centers  frt 
uhich  they  are  ir  radii  ted  ;  they  are  fubjoft  to  the 
£une  laws  of  reflection* 

Notwithstanding  that  the  phenomena  of  na- 
lurc,  which  tend  to  afecrtain  beyond  doubt  thatthi: 
nutter  of  common  light  or  (ire  pervades  all  nature 
an  J  iills  all  things,  are  exceeding  numerous  and 
obvious  to  every  eye  ;  yet  the  whole  has  been  over- 
looked as  an  accidental  titration,  implying  no 
confluences,  nor  interfering  with  the  various  pro- 
pertiea  of  bodies,  not  with  (landing  it's  acccfc  to 
their  innermofi  penetralia. 

Our  globe  itfelf  fecms  to  be  nothing  more 
than  an  accumulation  of  tcrreftrial  materials,  intro- 
duced into  the  boundlcfs  ocean  of  the  folar  fluid, for 
a  theatre  on  which  it  may  difplay  it's  inexhauftiblc 
power  and  energy  ;  the  mafs  being  fo  difpofed  and 
arranged  by  it's  author  as  to  become  a  feminal  bed 
of  materials,  to  be  pierced  and  animated  by  Hght% 
and  from  which  materials  light  can  extricate  all 
the  forms,  and  generate  all  the  powers  in  nature. 

Without  this  principle  all  that  we  call  bodr 
would  remain  for  ever  an  inactive,  paffivc,  incohe- 
rent calx.     Water  by  it's  tranfparency  evidences 
fo  your  fenfes,  that  light  has  free  accefs  into  and 
2  through 
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through  it's  fubftance.  By  .the  volatilization  of 
/water  it  is  equally  evident,  that  light  or  fire  has 
not  only  accefs  to  it's  interfticcs,  but  penetrates 
and  occupies  it's  fimilar  elementary  particles,  in 
the  conformation  of  which  particles  the  character 
of  water  confifts.  Thcfe  particles  could  not  be 
rendered  volatile  but  by  internal  dilatation,  nor 
qoqld  they  be  dilated  but  by  fomcthing  that  reached 
their  internal  parts  ;  they  have  their  individuality 
as  feparablc  elementary  particles,  as  well  as  their 
fimilarity  of  charafter  preferved  by  the  aetherial 
principle  .poflefliijg  them.  If  the.  natural  life  of 
all  things  depends  on  the  activity  communicated 
to  them  by  the  fun,  is  it  not  evident  that  it  is  the 
fame  influence  which  ivuift  generate  and  maintain 
that  life  in  all  it's  fpcciiic  characters,  in  every 
being  according  to  it's  kind  ? 

When  the  fun  is.  laid  to  rule  over  the  day,  and 
to  have  been  made  for  this  end,  what  elfe  can  be 
underftood  but  that  he  acts  as  a  vicegerent ;  and 
is  inverted  with 'a  mechanical  power  of  giving 
light,  life,  and  motion,  to  fuch  obje&s  as  arc  or- 
dained to  receive  his  imprcflions  ?  All  nature  re- 
vives, and  puts  on  a  new  face,  w  hen  he  approaches 
us  in  fpring;  and  links  into  a  temporary  death,  at 
his  departure  from  us  in  the  winter.  That  he  adts 
in  a  mechanical  manner,  is  alfo  certain,  becaufe  a 
chain  of  matter  is  continued  all  the  way  from  the 
agent'  to  the  object.  His  power  confifts  not  in 
any  immaterial  quality,  becaufe  it  obferves  the 
fame  geometrical  law  with  the  diffulion  of  it's 
light;  and  his  efficacy  upon  the  production  of  the 
"earth  isgreateft,  when  the  grcatcft  angle  is  formed 
between  the  horizon  jnd  his  rays.  A  good  tele- 
fcope  will  fticw  you  what  changes  arc  produced  in 
the  refracition  of  the  atmofphere,  and  what  a  tu- 
mult arifes  in  the  air  from  the  agitation  of  the  lun- 
bcams  in  the  heat  of  nooia-day ;  the  heaven  fri-ms 

traafT^ — - 
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tranfparent  and  undifturbed  to  the  naked  eyr, 
while  a  ftorm  is  railed  in  the  air  by  the  impulfe  of 
light,  not  unlike  what  is  raifed  in  the  waters  of  the 
fca  by  the  impetuofity  of  the  wind.  It  incrtafa 
with  the  altitude  of  ihe  fun  -,  and  when  the  evening 
comes  on,  it  fubfides  almoft  into  a  calnu* 

Light  is  ngw  no  longer  confidered  by  the- 
jmifts^f  merely  as  an  ideal  fubftance ;  they  perceive 
it's  influence  in  many  of  their  operations,  and  as  it 
modifies  many  of  their  refults,  they  find  it  neccf- 
iary  to  attend  to  it's  adtion. 

The  cffeifts  of  Hght  are  more  evident  in  the 
phenomena  of  nature,  than  in  the  experiments 
performed  in  the  laboratory. 

Light  is  abfolutcly  ncceflary  to  plants;  vegeta* 
tion  docs  not  fucceed  without  it ;  deprived  of  this 
principle,  they  become  pale,  languifh,  and  die*   It 
appears  from   incontcflible  firths,  that  the  root  of 
the  mofl:  variegated  flower,  though  excluded  from 
Jthe  external  air  under  a  glafs  veiled  will,  provided 
it  be  daily  expofed  to  the  light  of  the  fun,  arrive  at 
it's  utmoft  perfection  both  with  refpe&to  fragrance 
and  colour  1  but  if  the  procefs  be  reverfed,  and  the 
air  admitted   without  the   light,   the  flower  may 
perhaps  grow  to  it's  natural  ivick  but  we  (hall  in 
vain  look  for  that  beautiful  variety  of  vivid  co- 
louring, and  that  exquifitc  perfume  which  nature 
beftows  on  every  individual  of  the  fpecies,  when 
permitted  to  imbibe  and  enjoy  the  folar  beam. 

The  fame  h£t  is  further  evinced  by  a  variety 
of  experiments  by  feveral  French  academicians,  in 
which  the  hght  was  admitted  to  one  part  of  a 
plant,  and  excluded  from  the  others.  The  inva- 
riable effect  of  this  was,  that  the  part  expofed  to 

the 
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trie  fun  was  of  a  lively  green,  while  that  which  was 
Shaded  continued  of  a  difagreeable  pale  colour; 
nay,  fo  powerful  arc  the  cffe&s  of  the  fun'»  light 
en  vegetables,  that  when  deprived  of  it,  their  taftc 
and  other  native  properties  undergo  fuch  a  change, 
that  fome,  in  their  nature  poifonous,  beebmc  a  fafe 
and  wholefome  food.  Without  the  influence  of 
light,  vegetables  would  exhibit  one  lifclefs  colour, 
and  are  deprived  of  their  beautiful  fhades  by  the 
interception  of  the  lufninary  fluid.  On  thefe 
principles,  celery,  endive,  and  other  plants,  are 
bleached. 

All  thefe  circumftances  evidently  fhew,  that 
there  is  fomething  in  light  abfolutcly  neccflary  to 
vegetable  life.  Hence  all  plants  (hew  a  remarka- 
ble feniibility  to  the  light ;  they  expand  their 
leaves,  and  open  their  flowers  to  the  fun,  and  clofe 
them  the  moment  he  difappears.  Many  accurate  ex- 
periments prove,  that  it  is  not  the  heat  but  the  light 
of  the  fun,  that  caufes  them  to  turn  to  him.  A  plant 
in  a  room,  where  there  is  a  fire,  turns  it's  flowers 
to  the  light  which  comes  from  the  colder  tide. 

Many  experiments  (hew,  that  the  change  of 
pofltion  in  the  leaves  of  plants,  at  different  periods 
of  the  day  and  nighr,  is  entirely  owing  to  the 
agency  of  light.  The  upper  furfacc  of  leaves, 
Which  arc  fuppofed  to  be  their  organ  of  refpira- 
rion,  fecms  to  require  light  as  well  as  air;  for 
plants,  which  grow  in  windows  on  the  infide  of 
houfes,  are  as  it  were  foiicitous  to  turn  the  upper 
fides  of  their  leaves  to  the  light.  This  agent  is 
fubtil,  adlivc,  and  penetrating  ;  by  the  fmallncfs 
of  it's  conftituent  particles,  it  is  capable  of  enter- 
ing all  bodies,  and  from  it's  activity  of  producing 
great  effedh  and  conlidcrable  changes  therein. 

Vegetables  are  not  only  indebted  to  the  light 
for  their  colours,  but  likewife  for  their  fmell,  taite, 

Vol.  II.  II  h  com- 
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Conibuftibilityj  maturity,  and  the  refinous  princi- 
ple, which  equally  depend  upon  this  fluid.*  The 
aromatic  fubftances,  reflns,  and  volatile  oil,  are  the 
inheritance  of  fouthern  climates,  where  the  light 
is  more  pure,  conftant,  and  intenfe.  All  thefe 
circumftanccs,  it  is  hoped,  mill  concur  to  make 
you  attentive  to  the  nature  and  office  of  the  /if. 
The  fun  is  the  united  power  of  fire  and  light,  ind 
by  thefe  powers  calls  ibrth  from  the  earth  a  bcitf- 
tiftil  variety  of  vegetable  life,  cloathing  them  with 
it's  own  brightnefs  and  beauty,  and  rendering 
them  holders  and  difplayers  of  all  it's  colours, 
powers,  and  virtues. 

The  influence  of  light  is  evident  on  other  ani- 
mated beings  :  worms  and  grubs,  which  live  in  the 
earth  or  in  wood,  are  of  a  whitifh  colour-  Birds, 
and  flying  infe6ts  of  the  night,  are  likewife  diftin* 
guifhable  from  thofe  of  the  day  by  the  want  of 
brilliancy  in  colouring;  and  the  difference  is  (fill 
more  marked  between  thofe  of  the  north  and  of 
the  fouth. 

A  very  aftonifhing  property  of  light  upon  the 
vegetable  kingdom  is,  that  when  vegetables  art 
expofed  to  open  day-light,  or  to  the  fun's  rays, 
they  emit  vital  air.f 

It  has  been  proved,  that  the  fun  does  not  aft 
in  the  production  of  this  phenomenon  as  a  bod) 
which  heats.  The  emiflion  of  the  air  is  deter* 
mined  by  the  light ;  pure  air  is  therefore  fepfr 
Tated  by  the  ad: ion  of  light,  and  the  operaiion  b 
ftronger  as  the  light  is  more  vivid-  It  would  fcem 
that  light  favours  the  work  of  digeftion  in  the 
plant,  and  that  the  vital  air  which  is  one  of  tk 
principles  of  almoft  all  the  nutritive  juices,  mort 
tfpecially  of  water,  is  emitted  when  it   finds  w 

fubfiance 

*  Chiptal's  Elements  of  GheulUjr. 
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lubftance  to  combine  with  it  in  the  vegetable. 
Hence  plants,  whofe  vegetation  is  the  mod  vi- 
gorous, afford  the  greateft  quantity  of  air. 

By  this  continual .emiflion  of  vital  air,  the  Au- 
thor of  nature  inceflantly  repairs  the  lofs  thereof 
occafioned  by  refpiration,  combuftion,  and  the  al- 
teration of  bodies,  including  every  kind  of  fermen- 
tation and  putrifaction  :  in  this  manner  the  equi- 
librium is  always  maintained  between  the  confti- 
tuent  parts  of  the  atmofpherc. 

Scheele  and  Berthcllet  have  (hewn,  that  the 
abfence  or  prefencc  of  light  has  an  artoniihing 
effedt  upon  the  refult  of  chemical  experiments. 
Light  difengages  vital  air  from  feveral  fluids,  fuch 
as  the  nitrous  acid,  dcphlogifticated  marine  acid, 
&c. ;  it  reduces  the  calces  of  gold,  filver,  &c. ;  it 
changes,  according  to  Mr.  Bertholler,  the  nature  of 
oxigenated  muriates.  M.  Chaptal  has  fhewn,  that 
it  determines  the  phenomena  of  vegetation,  exhi- 
bited by  falinc  lolutions.  Thcfe  circumflanccs 
(hew  the  importance  of  light,  and  how  much  it's 
agency  in  nature  fhould  be  attended  to  by  every 
philosopher :  beat  often  accompanies  light,  but 
lome  of  the  phenomena,  we  have  mentioned,  can- 
not be  attributed  to  mere  heat ;  heat  may  indeed 
modify  them  where  it  exifts,  but  is  not  the  pro- 
ducing caufc. 

There  are  many  inftanccs  w  here  the  aflion  of* 
the  folar  light  contributes  to  the  deftruction  of 
colour,  and  inftead  of  extricating  vital  air,  fixes  it; 
and  produces  a  kind  of  combuftion.  In  like  man- 
ner phofphorus,  while  in  the  dark,  is  not  affeded 
by  the  oxigenated  muriatic  acid,  even  afliftcd  by 
heat ;  but  when  the  aftion  of  light  concurs,  it  is 
converted  into  phofphoric  acid.* 

A  variety  of  facts  fhew,  that  vital  air  is  capa- 
H  h  2  Wc* 

*  BtrthoUet's  Art  of  Dyeing* 
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ble  of  whitening  or  rendering  paler  the  colouring 
matter  with  which  it  unites,  perhaps  by  having 
produced  on  them  the  eflfedts  of  a*  flight  corobul- 
tion.*  Vital  air  has  confiderable  influence  on  the 
colouring  particles  of  vegetables  -T  thefe  are  formed 
chiefly  in  the  leaves,  flowers,,  and  inner  bark  of 
trees,  and  by  degrees  they  undergo  a  flight  com-' 
bullion  :  hence  moft  trees  contain  fawn-coloured 
particles. 

The  manner  in  which  the  fun  adts  upon  co- 
lours may  be  feen  by  examining  the  appearances 
prefented  by  a  folution  of  the  green  part  of  vege- 
tables in  alcohol. 

If  fuch  a  folution,  which  is  of  a  fine  green  co- 
lour, be  cxpofed  to  the  light  of  the  fun,  it  very  foon 
acquires  an  olive  hue,  and  Iofes  it's  colour  in  a  few 
minutes.  If  the  light  be  weak,  the  effect  is  flower; 
and  in  perfedt  darknefs  the  colour  remains  without 
alteration,  or  requires  a  great  length  of  time. 

M,  Berthollct  inverted  over  mercury  a  bottle 
half  full  of  this  green  folution;  wherv  the  colour 
was  difcharged,  the  mercury  was  found  to  have 
rifen  in  the  bottle,  and  confequently  vital  air  haJ 
been  abforbed,  the  air  having  united  with  the  co- 
louring matter;  on  evaporating  this  liquor,  it's 
colour  was  immediately  rendered  darker,  and  be- 
came brown  :  the  reftduum  was  black*  and  in  the 
ftatc  of  charcoal. 

The  light  feemed  therefore  to  have  produced 
it's  effect  by  favouring  the  abforption  of  vital  air, 
and  the  combuftion  of  the  colouring  matter;  the 
marks  of  combuftion  are  not  evident  at  firft,  but 
by  the  affiftancc  of  heat  the  liquor  becomes  brown, 
and  leaves  a  black  rciiduum.  If  the  ve/lel  con- 
taining the  liquor  holds  no  vital  air,  the  light 
has  no  cffc<ft  on  the  colouring  matter. 

The 

*  See  what  was  (aid  on  incipient  ignition,  under  the  art*!*  j 
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The  effects  of  light  on  the  colour  of  wood 
/c  been  long  obferved  ;  it  preferves  it's  natural 
>earance  m  hile  kept  in  the  dark,  but  when  ex- 

poled  to  the  light  it  becomes  yellow,  brown,  or  of 

other  (hades,  M.  Senebier  found,  that  the  changes 
re  proportioned  to  the  brightnefs  of  the  light, 

that  feveral  folds  of  ribbon  were  required  to  de- 
:id  the  wood  completely,  that  a  tingle  leaf  of 

black  paper  was  fufficicnt ;  but  that  when  paper 
any  <5ther  colour  was  fubftituted,  the  change  was 

not  prevented ;  a  Single  covering  of  white  paper  11 

«iiflicient,  but  two  intercepted  the  action  of  rhc 
Thefe  obfervations  are  important,  as  they 
>ve  that  light  can  pafs  through  coverings  that 
appear  to  be  opake,  and  exerts  it's  energy  at  fomc 
diftance  within. 

M.  Bcrrholkt  put  tincture  of  tumfolc  in  con- 

t  w  ith  vital  air  over  mercury  ;  one  parcel   he 

placed  in  the  dark,  the  other  was  expofed  to  the 

ht  of  the  -fun  ;  the  former  continued  unchanged 

for  a  considerable  length  of  time,  and  the  vital  air 

was  not  diminished  j  the  cither  loft  much  of  it's 

colour,  became  red,  and  the  air  was  in  a  great  mca- 

re  abforbed,  and  a  fmall  quantity  of  fixed  an 

was  produced,  which  no  doubt  had  occafioned  the 

change  of  colour  from  blue  to  red- 

This  obfervation  may  lead  us  to  form  an  idea 
of  fome  .of  the  changes  produced  by  a  particular 
difpolitioH  of  the  component  parts  of  vegetable 
)ftances,  when  by  the  combination  of  vital  air 
they  undergo  the  effects  of  a  (light  combuilion, 
which  may  generate  an  acid ;  as  in  the  leaves  in 
autumn,  which  grow*  red  before  they  become  yel- 
low, and  in  the  ftrcaks  ©bfervabic  in  flowers,  whole 
vegetation  is  growing  languid. 

The  fuccefs  of  the  prellnt  age  in  arts,  expe- 
riments, and  new  fyftems,  is  very  apt  to  elate  the 
of  men,  and  make  them  overlook   the  a 
H  h  j  dents. 
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eients.  But  notwithftanding  the  encouragement 
and  purfe  of  princes,  and  the  united  endeavours  of 
great  focieties  in  thefe  later  ages,  have  extended 
experimental  and  mechanical  knowledge ;  yet  it 
muft  be  owned,  the  ancients  were  not  ignorant  of 
many  things,  which  are  noyr  more  generally,  though 
not  firft  known.  Their  notions  of  fire  and  light, 
the  refult  of  obfervation,  were  for  the  moft  part 
juft.  They  confidered  the  principles  of  motion 
and  vegetation  as  delibations  from  the  invifible 
fire  of  the  univerfe,  which,  though  prefent  to  all 
things,  is  not  ncvcrthelefs  one  way  received  by  all; 
but  varioufly  imbibed,  attra&ed,  and  fecreted  by 
the  fine  capillaries  and  exquifite  drainers  in  the 
bodies  of  plants  and  animals,  and  is  thereby  raixaj 
and  detained  in  their  juices.  They  fuppofed  the 
elaborate  fpirit,  whereon  the  character,  diftin- 
guifhing  virtue,  and  properties  of  the  plant  de- 
pend, to  be  of  a  luminous  and  volatile  nature. 

It  was  from  an  etherial  and  luminous  fluid 
that  they  derived  the  many  and  various  qualities, 
virtues,  odours,  flavours,  and  colours,  which  diftin- 
guifh  natural  productions ;  conceiving  that  the 
original  particles  produ&ive  of  thefp  properties 
were  diverfely  feparatcd,  and  attra&ed  by  the  va- 
rious fubjedts  of  the  animal,  vegetable,  and  mineral 
kingdoms,  which  thereby  become  claflTed  into 
kinds  ;  and  indeed  with  thofe  diftindt  properties 
which  continued  till  their  feveral  forms,  or  fpecific 
proportions  of  fire,  returned  into  the  common 
mafs. 

They  confidered  all  the  appearances  of  fire, 
even  in  earthly  things,  as  fomething  pf  a  heavenly, 
exalting,  and  glorious  nature  ;  as  that  which  dif- 
perfes  death,  darknefs,  and  groffnefs,  and  raifes  up 
the  power  and  glory  of  every  life*  that  it  was  fel- 
clom  fecn  in  this  world  but  as  a  deflroycr,  a  cofifumtr, 
and  repisr  of  grojfnrfs  ;  as  a  kindier  of  life  and 
2  ligh: 


-i- 
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real  colour  of  the  objed  fccn  through  U* 
titers  the  appearance  of  that  colour. 

Colour  is  not  a  fenfation,  but  3  frcond 
quality  of  bodies,  whereby  in  fair  day-light 
-exhibit  a  certain  and  well  underftood  appearing 
and  (here  is  a  real  permanent  quality  in  bodice  10 
which  the  common  ufe  of  this  word  agrees-  Had 
modern*  philofophers  given,  as  they  ought  totau 
done,  the  name  of  colour  to  the  catt/e  inftead  of  u 
the  effedt,  they  would  not  have  fet  philofophy  ap- 
parently in  contradi&ion  with  common  fenfe  s  for 
they  muft  then  "have  affirmed  with  the  vulgar,  that 
colour  is  a  property  of  bodies,  and  that  there  i* 
nothing  like  it  in  the  mind.  Their  language  as 
well  as  their  fentiments  would  have  been  pcrfrdv 
agreeable  to  the  common  apprehenfioos  of  nun- 
kind,  and  true  philofophy  would  have  joined  han 
with  common  ienfe.* 

Inftead  of  feeking  objections  againft 
tion  from  every  appearance  in  nature,  the 
philofopher  finds  abundant  ground  therein  to  coo- 
firm  and  eftablifh  his  faith  j  he  learns  from  1" 
adaptation  of  objefts  to  the  fenfes,  the  abfurdity 
thofe  infidels,  and  their  want  of  knowledge  in  the 
human  underftanding,  who  require  for  conviflioo 
a  ftronger  evidence  in  the  objects  of  faith,  than  it 
to  be  offered  for  thofe  of  the  other  faculties. 

In  examining  the  objefts  of  various  parts 
intellect,  do  not  we  find  men  at  a  lofs  to  prove  in 
what  manner  they  exift  ?  Do  they  fufpend  their 
aflent  to  the  reality  of  a  rofe,  till  they  can  explain 
why  the  leaves  are  of  a  different  colour,  odour,  wi 
fhape,  from  thofe  of  the  lily  ?  or  why  they  are  of 
jany  particular  fjnell,  (hape,  or  colour  ?  Is  it  is 
pbjedion  to  the  evidence  of  the  eyc-fightt  that  the 
founds  of  a  violin  are  imperceptible  by  that  organ? 

•  Rcici's  Inquiry  into  the  Human  Mind. 
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or  bccaufe  neither  form  nor  found  are  the  ob- 
jcfts  of  reafon,  that  neither  of  them  exifts  ?  Would 
not  a  geometrician  treat  with  contempt  the  perfon 
who  lhoul4  deny  the  reality  of  the  properties  of  a 
iquare,  becaufe  they  are  irreconcileable  with  thofc 
of  a  circle  ?  All  that  is  required  in  thefe  inftances, 
is  a  confentaneous  difpofition  in  the  objects  and 
the  faculties  to  impart  and  receive  thofe  ideas,  and 
the  mind  refts  convinced  of  their  realities. 

The  utility  and  plcafure  which  are  derived 
from  the  fenfes  are  the  great  proofs  which  fatisfy 
men  of  the  reality  of  the  objeits  of  them.  Yif. 
whofe  eye-fight  prevents  him  from  running  over 
a  precipice,  whofe  ears  are  delighted  with  the 
powers  of  harmony,  can  entertain  no  doubt  of  the 
cxiftence  of  thofe  objedts  ;  and  whoever  fhould  at- 
tempt to  prove  that  the  firft  was  not  fcen,  and  the 
latter  not  heard,  would  inevitably  render  himfelf 
an  objed  of  ridicule.  And  is  not  a  man  equally 
ridiculous,  who  denies  that  the  objects  of  faith  are 
real,  though  he  is  every  day  acquiring  happinefs, 
and  obtaining fecurity,  as  the  refult  of  them?  The 
adaptation  of  the  doctrines  of  faith  to  the  nature 
of  maji,  and  the  fuperior  utility  arifing  from  it,  arc 
the  ftrongeft  proofs  of  it's  divine  original ;  their 
principles  correfpond  to  the  faculties  and  wants 
of  human  nature,  and  it's  precepts  to  their  wel- 
fare. 

To  deny  thefc  proofs  would  be  to  reject  all 
moral  evidence,  and  even  the  exiftence  of  a  Deity. 
When  we  perceive  all  parts  of  matter  fitted  to  the 
ufes  of  creation;  when  we  fee  that  rain  and  fun  arc 
neceflary  to  vegetation,  and  that  the  order  and 
courfe  thereof  is  fuch,  that  they  never  fail  the  pur- 
pofes  of  their  intentions  ;  is  it  poflible  to  deny  the 
providence  of a  Jupreme  intelligence  ?  In  like  man- 
ner, when  it  is  difcovercd  that  all  parts  of  our  re- 
ligion coincide  as  perfectly  with  the  nature  of 

man 
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man  and  hit  welfare,  is  it  not  equally  tbflirdt*  i*»  [ 
jc£t  it  as  proceeding  from  the  fame  fource?  ; 

Whoever  confult*  the  fcnfations  erf  his  Mb  *! 
mind;  will  feel  the  evidence  of  the  hereditary  cvttof 
man  a*  evincing,  as  the  dry  leaf  isexprcfllve  of  itt 
having  been  in  a  more  perfe&  ftate.  Whataie 
the  prefentiments  and  prefages  of  the  ftwl,  but  the 
jematng  of  a  more  perfc&  intelligence  ?  And  whtf 
is  that  abatement  of  pleafure  which  cnjaymcsi 
frits,  compared  with  the  felicity  imagination 
preconceives,  but  an  indication  of  the  dcfc&  in 
human  faculties  ?  Like  the  evanefcent  colours  of 
a  declining  tulip,  they  pronounce  their  farmer  ex* 
ccllencc. 

The  fenfe  of  degradation,  and  of  it's  being  ir- 
'  fpcmcdiable  by  the  powers  of  -than,  creates  thafc 
defires  in  the  human  breaft  which  ape  conftantty 
yearning  after  a  better  ftate,  and  the  belief  of  the 
ncceffity  of  a  more  perfedk  being  to  reftore  it.  Hot 
the  idea  of  infinite  mercy,  infeparable  from  the 
Divine  Being,  leads  the  foul  to  fee  that  it's  redemp- 
tion can  only  be  accomplifhed  by  the  Supreme 
Being.  Thus  you  may  perceive,  that  the  truths  of 
chriftianity  are  obvious  and  plain ;  they  fpeak  the 
language  of  nature ;  and  all  nature  is  expreffive  of 
the  fenfe  and  found  thereof ;  and  points  out  the  ne* 
ceifity  of  a  redeemer,  whofe  exiftence  and  influence 
is  as  extenfive  as  nature  itfelf. 

To  Ihew  that  nothing  under  him,  rr  in  whom 
we  live,  and  move,  and  have  our  being,'*  could  re- 
deem us,  our  redeemer,  when  he  had  ihrouded  his 
beauty  with  the  veil  of  mortality,  gave  hourly 
and  ocular  proofs  of  his  godhead  by  the  extent  of 
his  power  in  and  over  all  things.  "  In  his  word 
was  life,  in  his  breath  was  healing,  and  ficknefs 
grew  found  at  his  fight ;  the  lame  (prang  up  at 
his  bidding,  by  him  the  deaf  ear  was  opened,  and 
the  dumb  tongue  loofed  to  utterance  j  he  poured 

the 
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?  beams  of  his  light  upon  the  new  opening  eyes 
the  blind-born  gazer;  death  fled  before  him,  and 
lidft  the  tombs  his  word  was  life  and  refurrec- 
m  the  tempeft  heard  11  is  voice  and  was  dill ;  the 
rtb  trembled  with  reverence;  and  the/ea  fpread 
elf  as  a  carpet  beneath  the  foot  of  her  creator. 


-"Yet 


"  Even  all  his  mighty  works  to  me  import, 
**  But  as  they  greatly  ferve  to  authorize 
u  The  mightier  words  ho  uttered — as  the  eye 
"  Bears  witneTs  to  the  light,  or  the  charm'd  ear 
*  To  tuneful  undulation  ;  fo  the  heart 
*'  Strikes  unifon  to  his  great  law  of  lo  VI, 
"  And  proves  Us  oniiBon  all  divini," 


LECTURE 


4j&.   L*ctur»  Mr  Natural., Paix^sorur, 

■  * 

LECTURE   XXIL 
O*  Teukox>es» 


IN  oar  laft  Ledtures,  T  endeavoured  to  rcn&r 
and  eafy  to  your  comprehenfion,  fbipe  4g 
great  discoveries  of  Sir  Isaac  Neitjoh*  who 
pafled  himfclf  in  his  T^^rjr  gf  Z^£/  dWifriftrr,*! 
much  as  he  had  .exceeded  others  in  his  JVitorp*. 
Both  thefe  wo*fo  'give  teftimony  co  «%edkpth  aai 
ctearnefs  of  his  intetted,  his  (kill  in  conducing  eat* 
periments,  and  the  comprchenfivc  force  of  Vk 
mind.  But  far  as  he  has  penetrated  injto  theft- 
•ccfies  of  light,  the  lame  Lectures  matt  havf  con- 
vinced you,  that  itiany  appearances  are  yjot  unex- 
plained, many  difficulties  are  yet  unexplored;  and 
that  the  inftances  are  numerous  wh*ch  prove,  that 
the  inward  conftitution,  the  rcaj  caufes,  and  con- 
nections of  the  moft  obvious  phenomena,  are  be* 
yond  your  apprchenfion. 

Vanity  in  any  man  is  weaknefs;  but  a  vail 
philofopher  is  the  molt  abfurd  among  men,  for 
every  new  difcovcry  demonftrates  his  imbecility; 
every  new  effect  that  is  brought  to  light,  ferves 
only  to  convince  him  of  innumerable  others  which 
remain  concealed,  and  of  which  he  had  no  previous 
knowledge  :  the  works  of  God  are  too  v aft,  and  of 
too  large  an  extent  for  our  capacities.  There  is 
fuch  an  expanfe  of  power,  wifdom,  and  goodndi, 
in  the  formation  of  the  world,  as  is  too  mighty  for 
our  grafp,  too  much  for  us  to  comprehend.  Power, 
wifdom,  and  goodnefs,  are  manifeft  to  us  in  all  thofe 
works  of  God  which  arc  within  our  view :  but 
there  are  like  wife  infinite  (lores  of  each  poured 
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forth  throughout  the  immcnfity  of  the  creation,  no 
part  of  which  can  be  underftood  without  raking  in 
it's  reference  and  refpeft  to  the  whole,  and  this  is 
beyond  the  reach  of  human  faculties.  To  <whom 
batb  the  root  ofivifdom  been  revealed  T  or  <&ho  hath 
known  her  wife  counfcls  ?  There  is  one  zci/e  and 
greatly  to  be  feared,  the  Lord  Jilting  upon  his 
ibrone.  He  ereated  her,  and  fa^v  her,  and  mim-  • 
bered  her,  and  poured  her  out  upon  all  his  ivories. 

Thefe  rcfieftions  naturally  occur  to  the  mind 
when  it  contemplates  the  difcovcry  of  the  telc- 
fcopc,  and  the  advantage  ariiing  from  it;  for  1vho, 
reafoning  a  priori*  could  have  imagined  that  the 
refradlion  of  light  in  glafs,  the  fame  power  by 
which  a  ftrait  rod  appears  crooked  in  water,  where- 
by viiion  is  varioully  diftortcd,  and  whereby  wc 
are  liable  to  innumerable  deceptions,  fhould  ever 
be  fo  circumftanccd  as  to  extend  the  boundaries  of 
fight,  and  enable  us  to  diftinguilh  objects  too 
remote  for  natural  vition  ?  Yet  fuch  are  the 
pow  ers  feience  has  bellowed,  that  by  glafles,  pro- 
perly adapted  to  each  other,  we  as  [it  were  contraiit 
lpace,  and  bring  within  our  ken  the  grander  ob- 
jects of  the  univerfe  ;  and  arc  enabled  to  extend 
our  inquiries  beyond  the  boundaries  of  the  folar 
fyftcm. 

If  Pliny,  in  regard  to  Hipparehns,  could  ex- 
travagantly lay,  "  An/us  rem  Deo  improbam  ajimt- 
tuerare  pofieris  Jiellas"  what  would  that  pom- 
pous hiftorian  of  nature  have  faid,  had  it  been 
foretold  him,  that  in  the  latter  days  a  man  would 
arife,  who  fhould  enable  poftcrity  to  enumerate 
more  new  itars,  than  Hipparchus  had  counted  of 
the  old  ;  who  fhould  aflign  four  moons  to  Jupiter, 
and  in  our  moon  point  out  higher  mountains  than 
any  here  below  ;  who  fhould  in  the  fun,  the  foun- 
tain of  light,  difcovcr  dark  fpots  ai  broad  as  two 
quarters  of  the  earth. 
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felt  motion  round  fait  axif ;  who,  by  the  varying 
phafes  of  the  planets,  Jhould  campofc  the  fhoncft 
•nd  plaineft"  detrionftration  of  the  folar  fyfkm* 
Yet  thefe  were  but  part  of  the  annunciations  to 
the  world  of  a  fingle  peribn,  of  Galileo*  of  unpc- 
rtfhing  memory  !     To  Jliin,  his  cotemporaiy  and 
rival  in  fame,  Lord  Bacon,  afcribed  the  invcntioa 
jrf  perfpuiUa>  (for  fd  at  firft  were  called  the  tcl* 
Jcopes,)  and  in  a  figurative  ftrain  thus  exprdftd 
Iriiradf  concerning  them:   "With  thefe  (perfpi* 
cilia),  which  Galtieo,  by  a  memorable  effort  of  gt- 
nius,  hath  difcovered,  we  are  enabled,  as  with  fomc 
finall  failing  veffels,  to  open  and  keep  up  a  nearer 
commerce  with  die  ftars." 

Nor  did  the  cdeftial  commerce  ceafe  with 
the  acquifitioni  of  Galileo,  but  has  been  extend- 
ing ever  fince  the  time  that  that  great  man  firft 
turned  his  glafles  to  fhe  heavens. *  In  our  own 
day  the  energy  and  philofophic  enthufiaftn  of 
Herfcbell  has  enlarged  the  boundaries  of  aftrono- 
mical  knowledge,  added  a  new  planet  to  our  fyf- 
tem ;  the  heavens  have,  as  it  were,  increafed  under 
his  eye  ;  and  44000  liars,  feen  in  the  lpace  01  a  lew 
degrees,  feem  to  indicate  that  feventy-five  millkmi 
may  be  difcovered  in  the  expanfe  expofed  to  human 
inveftigation.  . 

•What  is  neeeflary  for  the  condud  of  our  animal 
life,  the  bountiful  Author  of  nature  has  made  ma- 
nifeft  to  all  men.  But  there  are  many  other  choice 
fecrets  of  nature,  the  difcovery  of  which  enlarges  the 
power  and  exalts  the  ftate  of  man ;  thefe  are  left 
to  be  difcovered  by  the  ufe  of  our  rational  powers; 
they  are  hid,  not  that  they  may  be  always  concealed 
v  from  human  knowledge,  but  that  we  may  be  44-:  j 
cited  to  fearch  for  them :  this  is  the  proper  fcnfiiJ 
nefs  of  a  philofopher ;  and  i&  is  thegh 


*  Sir  John  Print's  Ditbourfet^ 
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and  a  reward  for  his  labour,  to  difcover  that  which 
has  been  thus  concealed. 

Thus  in  the  fubjed  before  us,  our  eyes  are  in- 
capable of  difecrning  objedis,  either  very  fmall  or 
very  diftant ;  but  the  creator  has  given  properties 
and  qualities  to  matter  by  which  it  may  procure 
us  thefe  advantages :  he  elevated  the  undcrftand- 
ing  from  one  degree  of  knowledge  to  another,  till 
it  was  able  to  difcover  thefe  afliftanccs  for  our 
light.  It  is  to  the  fame  power,  therefore,  who 
created  the  obje&s  of  our  admiration,  that  we  are 
ultimately  to  refer  the  means  of  their  difcovery; 
and  whatever  we  find  out  by  their  means,  becomes 
a  frcfli  fource  of  praife  to  him  from  whom  we  re- 
ceive every  blefling. 

The  very  great  importance  of  the  telefcope 
has  made  the  firit  difcoverv  of  it  an  intcrefting  ob- 
jedt  of  inquiry  ;  but  no  refcarch  has  been  able  to 
afcertain  either  the  exadt  period  when  it  was  firft 
found  out,  or  who  was  the  inventor.  It  has  been 
by  fome,  and  with  no  fmall  degree  of  probability* 
attributed  to  the  famous  friar,  Roger  Bacon,  before 
the  year  1300,  and  it  is  worth  your  while  to  be  ac- 
quainted with  fome  of  his  cxprcflions,  Lenfes  and 
fpecula  may  be  Jo  figure  d%  that  one  objetl  may  be 
multiplied  into  many  \  that  thofe  which  are  fituated 
at  a  great  di fiance  may  be  made  to  appear  very  near$ 
that  thofe  which  are  fmall  may  be  made  to  appear 
very  large %  and  thofe  which  are  obfeure  very  plain  ; 
and  we  can  make  Jlars  to  appear  wherever  we  will. 
Thefe  and  other  cxprcflions  and  trails  of  this  au- 
thor feem  to  indicate,  that  he  was  well  acquainted 
■with  the  nature,  conftriuftion,  and  ufc  of  telefcopes, 
and  all  the  glaflc$  which  compofc  them  ;  but  fome 
*jnodcrn  critics  in  the  fcicncc  not  only  deny  him 
the  invention,  but  even  the  knowledge  of  any  fuch 
conftruiftion,    asj|^^t  prcfent   call   telefcopes, 

lions  of  <  ^fun's 
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xays  through  a  glafs  fphere;  but  as  he  docs  not  far, 
tot  idem  verbis,  th?.t  he  ever  viewed  an  objcft 
through  fuch  a  fphere,  Dr.  Smith  fuppofes  that 
he  had  no  experience  of  it's  magnifying  power. 
In  the  fame  manner,  had  Seneca  defcribed  his  glafs 
ball,  filled  with  water,  only  as  a  burning-glafs,  it 
might  have  tempted  us  to  argue  that  he  knew  no- 
thing of  it's  ufe  in  magnifying  letters  ;  but  he  has 
precluded  conjecture  by  declaring  the  contrary. 
He  might  know  more  than  is  fpoken  of;  the  ma- 
thematicians and  workers  in  glafs  of  thofe  day* 
might  know  more  than  he  did.  From  the  fore- 
going and  other  exprcflions  of  our  countryman, 
Friar  Bacon,  there  is  little  doubt  but  that  he  wai 
acquainted  both  with  fpcdiacles  and  telefcopes. 

ic  Friar  Bacon,"  fays  the  Rev.  Mr.  William 
Jones,  cc  may  be  confidered  as  the  firft  of  Englilh 
philosophers ;  his  profound  (kill  in  mechanics,  op- 
tics, aftronomy,  and  chemiftry,  would  make  an  ho- 
nourable figure  in  the  prefent  age  ;  but  he  is  enti- 
tled to  further  praifc,  as  he  made  all  his  ltudies  fub- 
fcrvient  to  theology,  and  directed  all  his  writings, 
as  much  as  could  be,  to  the  glory  of  God.  He 
had  the  higheft  regard  for  the  facred  fcripturcs, 
and  was  perfuaded  they  contain  the  principles  of 
all  true  fciencc.  He  had  a  liberal  way  of  confi- 
dering  things,  not  adhering  fervilely  to  his  fub- 
jed:,  but  uling  all  the  feiences  of  which  he  was 
matter  to  illultrate  each  other.  It  is  very  unjuftto 
fpeak  of  philofophy,  as  if  it  was  unknown  till  the 
laft  century,  when  in  reality  a  fcholar  furniflied 
with  no  materials,  but  fuch  as  might  be  extracted 
from  Friar  Bacon's  works,  would  yet  be  a  very  con- 
fiderable  pcrfon,  and  entitled  to  no  fmall  degree 

of 

*  Jones's  Phyfiological  Difdui  fit  ions,  Introdu&ion. 
V)ti  ten's  Inquiry  into  the  Origin  of  Modern  Difcoreritfc 
Brographia  JBritannica.  . 
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Df  fame  among  the  literati  of  the  prefent  age.  He 
A'ould  excel  as  a  mathematician,  experimcntalift, 
jhyfician,  chemift,  artift,  aflronomcr,  philofopher, 
ind  divine/* 

Men  of  learning  have  been  divided  in  their 
pinions  concerning  the  optical  konwlcdge  of  the 
ncicnts  ;  fome  are  fo  fwallowcd  up  by  an  admira- 
ion  of  the  difcovcrift  that  have  been  made  in  the 
ift  and  prefent  century,  that  they  have  been 
rmptcd  topafs  fentence  upon  the  ancients,  before 
icy  knew  uhit  the  ancients  have  faid  for  them- 
:lves.  It  is  faid,  indeed,  that  if  dioptric  glafles 
ere  anciently  in  ufe,  it  is  ftrange  we  find  them  (o 
Jdom  mentioned  in  their  writings.  This  may  be 
ard  to  account  for,  but  it  is  unfafc  to  draw  a  po- 
tivc  conclufion  from  negative  evidence.  The 
rcounts  we  have  of  many  ancient  works  of  art 
re  fo  much  broken  by  the  injuries  of  time,  the 
mbiguitics  of  language,  the  fucceeding  interefts 
f  different  fc&s  of  philofophers,  the  barbarifm  of 
iccccding  ages,  that  it  is  now  very  difficult  to  ef- 
xblifh  the  fuppofition  by  fatisfa&ory  proofs. 

If  we  argue  by  inference,  the  cafe  will  be  a 
ittle  altered.     The  cabinets  of  the  curious  con- 
Lain  Tonic  very  ancient  gems,  of  admirable  work- 
manfhip,  the  figures  on  which  arc  fo  final lf  that 
they  appear  beautiful  through  a  magnifying  glafs, 
but  altogether  confufed  and  indiftintt  to  the  naked 
eye:  and  if  they  cannot  be  viewed,  how  could  they 
be  wrought  without  the  afliihnccof  glafles?  \  joW 
could  it  be  known  that  the  moon  has  a  form    like 
that  of  the  earth ;  that  it  has  plains,  hills,  and  Val- 
lies  in  it?     When  it  is  feen  through  a  telefe0pe> 
the  difpofition  of  light  ai)d  fludc  render  this  e y  .- 
dent,  agreeable  to  the  common  rules  of  pcrfpe£Vive ; 
but  no  fuch  thing  appears  to  the  naked  eye.      \\0^ 
.could  it  be  kro>-        l^  the  via  lattea  arifes    from 
:  combine*1  =*c  nur  r  fnuU 
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ftars  ?  But  above  all,  how  came  it  to  be  affertedl.' 
that  the  fphere  of  the  fixed  Jlars  is  fo  immenfc%  tbd 
the  circle  of  the  earth's  annual  orb  bears  no  greatet 
proportion  in  it  than  the  center  of  any  fphere  bears  /• 
it's  whole  furface  ?  This  difcovery  docs  fo  far 
exceed  the  comprchenfion  of  the  human  mind, 
that  it  was  not  aflerted  after  the  revival  of  the  Py- 
thagorean fchcmc,  till  Dr.  Brftley,  by  a  courfeof 
the  moft  accurate  obfervations  that  ever  were  made 
with  a  telefcopic  apparatus,  reduced  the  annul 
parallax  of  the  fixed  ftars  to  an  infenfible  quantity* 

If  leaving  the  ancients  we  return  to  the  mo- 
dems, we  find  the  time  of  the  invention,  and  the 
name  of  the  inventor,  are  ftill  involved  in  obfeurity* 
By  fome  it  is  afcribed  to  James  Moetius,  a  Dutch* 
man  ;  by  others  to  John  Lepperflicim,  of  Middlc- 
burg  :  but  Borcllus,  in  a  circumftantial  and  appa- 
rently well  authenticated  account,  attributes  tht 
invention  to  Zacharias  Janfen,  of  Middleburg, 
about  the  year  1590.  Janfen  was  a  diligent  in- 
quirer rnto  nature,  and  being  engaged  in  thefe  pur- 
fuits,  and  trying  what  advantages  could  be  derived 
from  combining  lenfes,  fortunately  difcovcred  the 
tekfeope. 

The  wonderftil' effect*  of  this  inflxument  foon 
reached  Galileo,  who,  fetting  himfelf  to  work, 
contrived  an  inftrument  to  eife<fl  the  fame  pur- 
pofe.  As  this  fubject  is  (o  curious  and  intereft- 
ing,  I  think  you  will  be  pleafed  with  his  own  ac- 
count of  it,  as  publilhed  in  a  book  intitled,  Sun- 
iius  SidcriuSy  in  March,  1610.  ct  Near  ten  months 
ago,"  fays  he,  <c  it  was  reported  that  a  certain 
Dutchman  had  made  a.pcrfpefcihc,  through  which, 
many  diftant  objects  appeared  as  diftincl  as  if  they 
were  near;,  fevcral  effects  of  this  wonderful  inftru- 
ment were  reported,  which  fome  believed,  and. 
others  denied  :  but  having  had  it  confirmed  to  me 
a  lew  days  after,  by  a  letter  from  the  noble  John 
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erie,  at  Paris,  I  applied  myfelf  to  confidcf 
the  rationale  thereof,  and  by  what  means  I  might 
contrive  a  limilar  inftrument,  which  I  afterwirds 
ned  toby  the  doctrine  of  refraction  ;  and   firft 
1  prepared  a  leaden  tube,  to  whofc  extremity  I  fit- 
ted two  fpectacle-glaffes,  both  of  them  plain  on 
one  fide  ;  on  the  other  one  of  chem  was  fphcrU 
callv  convex,  and  the  other  concave,     I   faw  ob- 
jefts  appear  pretty  large,  and  pretty  near ;  they  ap- 
peared three  times  nearer,  and  nine  times  larger 
in  furfacc  than  to  the  naked  eye :  and  foon  after  I 
made  another,  which  represented  objects  above  60 
times  larger;  and  at  laft,  having  fparcd   no  labour 
or  expence,  I  made  an  inftrument  fo  excellent  as 
to  (hew  things  almofta  thoufand  times  larger,  and 
above  thirty  times  nearer  than  to  the  naked  eye." 
If  the  true  inventor  is  he  who  makes  difco- 

-y  by  reafoning  a  priori,  and  defcending  from 
cftablifhed  principles  to  their  eonfequences,  Ga- 
lileo may  be  considered  as  the  real  inventor  of  the 
telefcope;  but  the  ufe  he  made  of  it  does  him  more 
honour  than  the  invention:  theinftrument  was  at 
firft/in  Holland,  a  mere  article  of  curiofity,  not  an 
inftrument  of  fcience  ;  himfelf  being  amply  re- 
warded by  prevailing  over  the  difficulty  of  the  fub- 

tj  and  with  new  difcoveries  which  enlarged  the 
territories  of  reafon. 

Of  Refracting  Telescopes. 

By  a  tele/cope  is  ufually  fignifiedan  inftrument 

that  renders  the  view  of  diftant  objects  more  per- 

t  ;  or,  in  more  general  terms,  which  reprefents 

diftant  objects  under  a  larger  angle  than  that  under 

which  they  appear  to  the  naked  eye. 

When  the  di fiance  of  the  object  is  very  con- 
siderable, the  effects  may  all  be  referred  to  the  fame 
dirtancc,  and  a  tekfeope  may  be  faid  to  enlarge  an 
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©bjedt  juft  as  many  times  as  the  angle  undfcr  whicfc 
it  reprefents  it  is  greater  than  that  under  which  it 
appears  to  the  naked  eye.  Thus  the  moon  ap- 
pears to  the  naked  eye  under  aa  angle  of  abouthalf 
a  degree;  confequentfy  a  telefcope  magnifies  100 
times,  if  it  reprefents  the  moon  under  an  angle  of 
50  degrees  j.  if  it  magnified  200  times>  it  would  ex* 
hibit  the  moon  under  an  angle  of  100  degrees  1 
and  the  moon  would  appear  to  occupy  more  than 
half  the  vifible  heavens>  of  which  the  whole  extent 
is  only  180  degrees. 

It  is  a  common  expreffion,  that  telefcopes 
bring  objedls  nearer;  but  this  expreffion  is  equi- 
vocal", admitting  of  two  different  fignifications. 
The  one  is,  that,  looking  through  a  terefcope,  we 
eftimate  an  objedl  to  be  as  much  nearer  to  us  ash 
is  magnified  by  the  telefcope.  But  I  have  already 
Ihewn  you,  that  we  can  form  no  certain  eftimate 
of  the  diftance  of  an  objedl  but  by  the  judgment, 
and  that  our  judgment  deceives  us  when  the  ob- 
jedls are  beyond  a  certain  diftance  ;  and  in  the 
prefent  inftance,  Iofmg  all  thofe  fubjedls  ofcom- 
parifon  on  which  it  is  founded,  will  deceive  us 
more.  The  other  meaning.applicd  to  the  cxprrf- 
iion  is,  that  the  telefcope  reprefents  the  objetflsas 
large  as  they  would  appear  if  we  were  fo  much 
nearer  to  them  :  this  latter  meaning  is  more  con- 
formable to  the  truth  than  the  preceding,  forvou 
know  ?hat  the  nearer  we  approach  to  an  objedl  "the 
larger  is  the  vifual  angle.  When  you  look,  how- 
ever, at  a  well  known  objedl,  as  a  man,  at  a  great 
diftance,  and  he  is  feen  under  a  larger  angle,  we 
arc  led  to  think  him  fo  much  nearer,  when  he 
would  really  appear  under  a  greater  angle ;  but 
with  refpedt  to  objedls  lefs  known,  as  the  fun  and 
moon,  there  can  be  no  eftimation  of  diftance. 

One  principal  end  of  telefcopes  is  to  enlarge 
or  multiply  the  angle  under  which  objedls  appear 

to 
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*©  tfhc  naked  eye,  and  they  are  eft  i  mated  according 
to  this  effect,  and  are  laid  to  magnify  five,  ten,  or 
any  other  number  of  times,  according  to  the  na* 

and  conftruiftion  of  the  telefcope. 

This  diagram,  fig*  13,  pi.  6,  reprefents  a  fmal! 
Galilean  telefcope  ;  the  convex  lens  P,  P,  is  dirc&ed 
toward  the  object,  the  concave  glafs  Q,  Q,  is  applied 
to  the  eye  ;  on  this  account  the  one  nearefVto  the 

is  called  the  cye-gfafs§  that  towards  the  objedt- 
glafs  is  called  the  oijeil~glafs.  Thefe  glaflcs  arc 
fituated  upon  the  fame  axis  A  B,  which  paflcs 
through  the  center  of  the  glafles,  and  to  which 
they  are  perpendicular.  The  focal  diftancc,  or 
focus  of  the  convex-glafs,  lhould  be  longer  than 
that  of  the  concave,  and  the  lenfes  fhould  be  fo 
difpofed,  that  if  A  F  be  the  focal  di  fiance  of  the 
convex  lens  P  A  P,  the  focal  point  of  the  concave 
glafs  lhould  fall  upon  the  fame  point  F.  Thus 
the  interval  A  B,  between  the  two  glafles,  is  the 
difference  between  their  foci,  A  F  being  the  focal 
diftance  of  the  object-glafs,  and  BF  that  of  rhc 
cye-glafs.  When  the  glafles  arc  fo  placed,  a  com- 
mon eye  will  fee  diftant  objects  diitmctly,  and  will 
magnify  in  the  fame  proportion  that  the  line  AF 
exceeds  the  line  BF,  Thus,  fuppoling  the  focus 
of  the  obied-glafs  to  be  fix  inches,  and  of  the  eye- 
glafs  to  be  one  inch,  the  interval  between  then* 
will  be  five  inches  ;  the  length  of  the  telefcope 
and  the  objcdls  will  be  enlarged  fix  times,  that  is, 
it  will  appear  under  an  angle  iix  times  greater  than 
what  they  do  to  *the  naked  eye, 

After  having  explained  to  you  the  manner  in 
Yich  the  glaflcs  are  to  be  difpofed,  in  order  to 
produce  the  defi-red  elfedl:,  it  remains  for  me  to 
ihew  you  why  they  reprefent  the  objects  diftinftly, 
and  why  they  are  magnified  as  many  times  as  the 
Jine  A  F  exceeds  that  of  B  F.  With  refpedt  to  the 
iirlt,  1  mult  juft  remind  you  of  what  has  been  be- 
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fore  obferved,  that  we  fee  objeflrs  beft  when  the 
rays  that  proceed  from  them  and  fall  upon  the  eye 
are  nearly  parallel  to  each  other. 

This  obfervation  being  attended  to,  you  muft 
now  confider  another  diagram,  fig.  14,  pi.  6.  Let 
V  be  a  point  in  the  objed  towards  which  the  tele- 
fcope  is  directed j  and  as  it  is  fuppofed  to  be  very 
diftant,  the  rays  proceeding  therefrom  may  be  con* 
fidcrrd  as  parallel  to  each  other ;  thofe  therefore 
that  fill  upon  the  objedt-glafs  Q  A  Q,  will  be 
united  at  it's  focus  F,  and  being  convergent  there, 
will  not  be  adapted  to  produce  diftinct  viiion  fora 
common  eye.  Now  it  being  the  property  of  a  con- 
cave g!aG>  to  render  rays  more  diverging,  or  rodimN 
nilh  their  convergence)  it  will  refract  the  rays  QR, 
QR,  fo  as  to  render  them  parallel  to  each  other; 
io  that  initead  of  uniting  at  E,  they  will  proceed 
-in  the  direction  RS,  RS,  parallel  to  the  axis  ARF, 
and  thus  the  telefcope  will  be  fitted  for  dittinct 
vifion. 

I  have  now  to  explain  the  principal  effcaof 
telefcopes,  that  is,  their  magnifying  power;  a  iub- 
jecit  which  I  hope  to  render  fo  clear,  that  no  doubts 
ihall  remain  on  your  mind. 

j.  Let  Ec,  Jig.  3,  pi.  7,  be  the  object  placed 
on  the  axis  of  he  telefcope,  which  pa  lies  through 
the  center  of  the  two  lenfes.  Ee  is  to  be  conli- 
dered  as  at  an  infinite  diftance. 

2.  If  the  eve  placed  at  A  look  at  this  object, 
it  will  fee  it  under  the  angle  E  c,  called  the  vifaal 
angle.  What  we  have  therefore  to  prove  is,  that 
in  looking  through  the  telefcope  it  will  appear 
under  an 'angle  as  much  larger  than  this,  as  the 
focal  diltancc  of  the  objevfl-glafs  exceeds  that  of 
the  eyc-glafs, 

3.  As  the  effect  of  all  the  glufTcs  confifts  in 
representing  the  object  in  another  place,  and  of  a 
certain  fizc,  all  we  have  to  do  i$  to  examine  the 

different 
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different  images,  the  laft  of  which  forms  the  ob- 
jedfc  immediately  viewed  by  means  of  the  tele- 
scope. 

4.  Now  the  object  Ee  being  at  an  infinite 
<ii fiance  from  the  convex  lens  PAP,  it's  image 
will  be  repreientcd  behind  the  glafs  at  Ff,  and  A  F 
■will  be  the  focal  diftance  of  this  glafs  ;  the  fize  (tf 
Xhis  image  Ff,  is  determined  by  a  ftrait  line  from 
the  extremity  e  of  the  object  through  A  the  center 
of  the  lens  ;  confequently  this  image  is -inverted, 
and  as  much  fmallcr  than  the  object,  as  the  dis- 
tance A  F  is  fraallcr  than  the  diftance  A  E. 

5.  Now  this  image  f  F  is  to  be  coniidered  as 
the  objedt  with  refpeett  to  the  eyc-glafs  Q  B  Q, 
iince  the  rays  that  fall  upon  this  glafs  are  thofe 
'which  would  form  the  image  Ff,  but  that  they 
are  intercepted  in  their  paflagc  by  the  concave 
.glafs  Q  B  Q ;  fo  that  though  the  image  is  only 
imaginary,  the  effedl  is  the  fame  as  if  it  were 
•real, 

6.  The  image  F  f,  that  we  way  now  confider 
as  an  objedt,  being  at  the  focal  diftance  of  the  lens 
*QB  Q,  will  be  tranfpdrted  10  an  infinite  diftance 
by  the  refra<5tion  of  the  glafs.  This  new  image  is 
^marked  in  the  figure  by  Gg,  of  which  the  diftance 
AG  fhould  be  coniidered  as  infinite;  and  the  rays 
"being  a  fecond  time  refra&cd  by  the  glafs  Q  B  Q, 
will  continue  the  fame  direction  as  if  they  came 
from  the  image  G  g. 

7.  This  fecond  image  Gg,  being  the  objeeft 
that  is'fccn  by  him  who  looks  through  the  tele- 
scope, we  muft  confider  it's  fize.  Now  as  k  arifes 
from  the  firft  image  F  f,  and  the  refra&ion  of  the 

f;lafs  Q  B  Q,  draw  according  to  the  general  •rule 
rom  B  the  middle  of  the  concave  glafs  a  4ine  • 
iing  through  f  the  extremity  of  the  firfr 
acid  it  will  mark  at  g  the  extremity  ^ 
image. 
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8.  Now  as  the  fpceiator  applies  his  eye  at  B, 
and  as  the  rays  that  fall  upon  his  eye  are  received 
as  if  they  came  from  the  image  Gg,  it  will  appear 
under  the  angle  G  Bg  evidently  larger  than  the  an- 
gle E  A  e,  under  which  the  object  Jb  e  appears. 

9.  To  compare  thefc  angles,  I  mud  inform 
you  that  the  angle  EAe  is  equal  to  the  angle FAf, 
and  the  angle  GBg  is  equal  to  the  angle  FBf. 
I  have  now  therefore  only  to  prove  that  the  angle 
FBf  exceeds  the  angle  F  A  f,  as  much  as  the  line 
A  F  exceeds  the  line  B  f. 

10.  To  prove  this,  we  muft  have  recourfeto 
certain  propofitions  deduced  from  geometry,  con- 
cerning  the  nature  of  fedtors.  You  probably  re- 
member that  a  fector  is  an  arch  of  a  circle  in- 
cluded between  two  radii;  thus  C  M  N,J?£.  4,  pl.b% 
is  a  fc&or  of  a  circle  ;  C  M,  CN,  the  two  radii; 
M  N  the  arch  or  portion  of  the  circumference. 
There  arc  therefore  three  things  to  be  confidered 
in  a  fevftor:  1.  The  radius  of  the  circle,  as  CM, 
C  N.  2.  The  quantity  of  the  arch  M  N.  3.  The 
angle  M  C  N. 

11.  Let  us  now  confider  the  two  lectors 
M  C  N,  and  in  c  n,  fi&.  4,  pi.  (\  of  w  hich  the  radii 
CM  and  cm  arc  refpeaivcly  equal.  Geometry 
proves,  that  in  this  caic  the  angles  C  and  c  are  in 
the  fame  ratio  as  the  arcs  M  N  and  inn;  or  in  other 
words,  that  the  angle  C  is  fo  many  times  larger 
than  the  angle  c,  as  the  arc  M  N  is  larger  than 
the  arc  m  n  ;  or  in  more  general  terms,  when  the 
radii  are  equal,  the  angles  are  proportional  to  their 
refpc:iive  arches. 

12.  In  the  two  fediors  MCN  and  men, 
fig.  5,  pi.  6,  the  angles  are  equal,  but  the  radii  are 
unequal.  The  elements  of  geometry  prove,  in  this 
cafe,  that  rhc  arc  M  N  is  fo  many  times  greater  than 
rp.L-  arc  i:i  n,  as  the  radiusC  M  is  greater  thanemjor 
that  the  .-ii\s  are  p:oror:ienal  to  the  refpevftive  radii 
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when  the  angles  are  equal.  Thereafon  is  evident-, 
for  each  arc  contains  the  fame  number  of  de- 
grees ;  but  the  degrees  of  a  large  circle  are  as 
much  larger  than  thofe  of  a  fmall  one,  as  the  longer 
radius  exceeds  the  fmaller  one. 

13.  In  the  two  fc&ors  M  C  N  and  m  c  n,  fig .6, 
pU  6,  the  arcs  are  equal,  but  the  radii  are  unequal. 
Here  the  angle  C,  which  anfwers  to  the  longed 
radius,  is  the  fmalleft,  and  that  in  the  fame  ratio  as 
the  radii ;  or  the  angle  c  is  fo  many  times  larger 
than  the  angle  C,  as  the  radius  C  M  is  larger  thai* 
the  radius  c  m  j  or  in  more  general  terms,  the  an-* 
gles  are  reciprocally  proportional  to  the  radii  when 
the  arcs  are  equal, 

14.  The  lad  article  comes  more  immediately 
to  our  purpofe,  with  the  addition  of  this  obferva- 
tion,  that  when  the  angles  are  very  fmall  (as  is  the 
cafe  in  fmall  Galilean  telefcopes),  the  arcs  M  N 
and  m  n  do  not  differ  fenfibly  from  their  cords,  or 
the  ftrait  lines  M  N  and  m  n. 

15.  We  may  now  return  to  the  former  dia- 
gram. The  triangles  F  A  f,  F  B  f,  may  be  confi- 
dered  as  fcdtors,  and  the  arc  F  f  as  common  to 
both ;  confequently  the  angle  F  B  f  exceeds  the 
angle  FAf,  as  much  as  the  diftance  A  F  exceeds 
that  of  B  F;  or  the  objeft  E  c  will  appear  in  the  te- 
lefcope  under  an  angle  as  much  larger  than  that 
under  which  it  appears  to  the  naked  eye,  as  the 
focal  diftance  of  the  objedt-glafs  exceeds  that  of 
the  eye,  which  was  what  I  had  to  prove  to  you. 

You  will  eafily  comprehend  from  what  has 
been  faid,  that  very  great  advantages  are  not  to  be 
expedbed  from  a  telefcope  conftrudted  on  this  plan; 
for  in  order  to  obtain  any  confiderable  magnifying 
power,  it  mull  be  made  very  long,  a  circumftance 
that  renders  it  inconvenient  in  ufe.  Befides  this 
there  are  other  difadvantages,  among  which  the 
fmallnefs  of  the  apparent  field  is  the  principal- 
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This  naturally  leads  me  to  confidcr  the  mturt 
of  the  apparent  jicld>  which  is  an  article  of  grcit 
importance  in  all  telefcopes.  When  you  dirtpt 
telefcope  towards  the  heavens  or  any  other  diiHnt 
object,  the  fpace  difcovered  appears  of  a  cirmbf 
form,  and  no  objects  arc  feen  but  what  are  con- 
tained within  this  circle;  lb  that  if  you  are  delimit 
of  viewing  other  objects,  you  mult  change  the  po- 
fition  of  the  telefcope;  this  circular  fpace  is  called 
the  apparent  field,  or  f imply  the  field  of  m 
Hence  you  n  ill  readily  conceive,  that  it  muft  bet 

freat  advantage  to  have  a  telefcope  with  a  large 
eld,  and  that  a  fmall  field  muft  be  considered  as* 
defect 

As  a  large  field  is  a  great  perfection  in  a  tele- 
fcope, it  is  often  nccefiary  to  meafurc  the  field; 
this  is  generally  attained  by  meafuring  the  number 
of  degrees  contained  in  the  fpace  taken  in  by  the 
telefcope,  when  directed  to  the  heavens,  or  to  famt 
very  diftant  object.  Thus  as  the  apparent  dia- 
meter of  the  full  moon  h  about  half  a  degree,  if  I 
telefcope  only  takes  in  the  moon*  we  fay  it's  field 
is  half  a  degree;  but  if  you  only  fee  one  half  of 
the  moon j  the  field  would  oiily  be  a  quarter  of  I 
degree. 

But  in  order  to  judge  rightly  of  the  field  of  a 
telefcope,  you  muft  take  in  the  magnifying  power; 
for  it  is  an  univerfal  maxim,  that  the  morc.a  tele- 
fcope magnifies,  the  fmaller  is  the  field :  nature 
here  prefcribes  the  boundaries.  Let  PAP,  fig. 3,  • 
fl.7>  be  the  object-glafs,  Q B  Q  the  eye-glafs  of  a 
telefcope,  EF  the  axis  thereof,  Ee  an  objedi  at  1 
great  diftance,  ken  under  the  angle  EAe,  which 
rcprefents  half  the  diameter  of  the  apparent  field; 
which  extend  as  much  on  one  fide  the  axis  as  on 
the  other.  The  point  E  is  the  center  of  the  field  ; 
the  ray  E  A  is  not  refracted  as  it  paffes  through 
middle  of  the  glaifes,  perpendicular  to  their 
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order  therefore  that  this  ray  fhould  enter  the 
*ye,  the  eye  mud  be  placed  fomewhere  on  the  axis 
B  F,  behind  the  cye-glafs,  and  fo  that  the  pupil 
may  be  on  the  line  H  i;  ;  this  is  a  general  rule  with 
refpe^t  to  all  telefcopes.  Let  us  now  conlidcr  the 
vtfible  extremity  e  of  the  object  ;  and  of  this  it  is 
plain  that  the  extremity  e  of  the  object  cannot 
be  fcen  unlcfs  the  ray  cA  proceeding  therefrom 
enters  the  eye. 

Let  us  then  conlidcr  the  diredion  of  the  ray 
cA  ;  now,  according  to  the  laws  of  refraction,  this 
ray  is  not  refracted,  becaufe  it  paffes  through  the 
middle  of  the  objetUglafs  A,  This  ray  will  there- 
fore continue  in  the  fame  direction  to  unite  with 
other  rays  proceeding  from  the  fame  point  c,  to 
form  at  f  an  image  of  the  object  reprcfented  by  f  F, 
the  point  f  being  the  image  of  the  point  e  of  the 
object  eE  ;  but  this  ray  meeting  at  m  the  concave 
glafs,  and  not  tailing  on  the  middle  thereof,  will 
be  refracted;  and  inftead  of  proceeding  to  f,  will 
proceed  in  the  direction  m  n,  more  diverging  from 
the  axis  BF.  You  remember  that  the  objedt-glafs 
forms  an  inverted  image  of  the  object  at  Ff,  and 
that  Ff  becomes  the  object  with  refpe<S  to  the 
eye-glafs,  by  which  it  is  tranfportcd  to  Gg.  The 
diftance  11 G  is  as  great  as  that  of  the  objeftt 
becaufe  Ff  is  in  the  focus  of  the  cye-glafs. 

With  refpetl  to  the  fize  of  the  images,  the 
firft  F  f  is  determined  by  the  ftrait  line  e  A  f,  drawn 
from  e  through  the  middle  of  the  glafs  PA  P;  and 
that  of  the  other  Gg,  by  a  ilrait  line  fBg,  drawn 
from  f  through  B  the  middle  of  the  cye-glafs.  The 
ray  A  m  directed  towards  the  point  f  is  refradled 
and  proceeds  towards  mn,  and  this  line  continues 
backwards,  pailes  by  g,  for  the  ray  m  n  produces 
the  fame  eifedt  upon  the  eye  as  if  it  proceeded 
really  from  g.  Now  as  m  n  diverges  from  B  F, 
jvhej e  the  pupil  of  the  eye  is  placed,  it  cannot  en- 
ter 
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tcr  the  eye  if  it  diverges  further  than  the  limits  of 
the  pupil  of  the  eye;  fo  that  in  this  fpeciesof  te* 
lefcope  the  field  depends  on  the  iizc  of  the  pupil 
of  the  eye,  and  the  larger  this  is  the  larger  is  the 
Arid  ;  fo  that  if  the  diftance  Bm  does  not  exceed 
the  fame  diameter  of  the  pupil  of  the  eye,  and  that 
this  field  may  not  be  diminilhed,  the  eye  fliould 
always  be  placed  as  near  as  poilible  to  the  eye-glafr  • 
To  determine  then  the  lize  of  the  field  in 
thefe  telefcopes,  you  have  only  to  take  the  interval 
Bm  equal  toche  femidiametcr  of  the  pupil,  and 
I hen  draw  a  line  ro  A  e  from  m,  and  the  middle  of 
the  objeft  glafs,  and  this  line  will  mark  upon  the 
object  that  extremity  e  which  will  be  vifibleby 
the  telefcope,  and  the  angle  eAE  will  give  the 
femidiamcter  of  the  field.     From  this  it  is  very 
evident,  that   if  the   diftance  between   the  two 
glafles    exceeds  a    few   inches,  the  angle  BAra 
1/riH    become   very    fmall,    becaufe   the   diftance 
Bm    is   only   about   the   tV    of  an  inch.      Now, 
in    order    to     magnify    much    with    thefe   tcle- 
feopes,  the  diftance  between   the  glafles  muft  be 
confiderably   incrcafed,   in   which    cafe    the  field 
\\ ou Id  be  infinitely  fmall ;  {o  that   the   extent  of 
thefe  telefcopes  is  limited  by  the  nature  of  their 
conftru&ion,  and  the  optician,  in  order  to  produce 
great  efte&s  conveniently,  is  obliged  to  have  re- 
tourfe  to  other  kinds. 

A  Summary   View  of  the  Properties  of  the 

Galilean  Telescope. 

i.  The  focal  diftance  of  the  objett-glafs  muft 
be  greater  than  that  of  the  eyc-glafs,  or  it  will  not 
magnify  an  object. 

2.  The  magnifying  power  is  equal  to  the 
quotient,  arifing  by  dividing  the  focal  diftance  of 
the  object -glafs  by  that  of  the  evc-glafs. 

3.  The 
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3.  The  rays  proceeding  from  theeye-glafs  to 
the  eye,  are  nearly  parallel ;  if  this  does  not  fuit 
the  eye,  the  tube  containing  the  cye-glafs  muft  be 
put  in,  or  drawn  out  a  little,  till  the  objed  appears 
diftindt. 

4.  The  vifible  area  of  the  objedt  is  greater,  the 
nearer  the  eye  is  to  the  glafs,  and  depends  on  the 
diameter  of  the  eye's  pupil,  and  of  the  objeft-glafs; 
the  field  of  view  is  therefore  very  fmall. 

5.  If  this  telefcopfe  be  long,  the  vifible  area 
is  fo  fmall  as  to  render  it  ufelefs  ;  this  arifes  from 
the  fmallnefs  of  the  objed-glafs;  but  if  this  be 
broader,  the  objed  will  be  coloured  and  confufed. 

Of  the  Astronomical  Telescope. 

The  next  kind,  which  is  denominated  the 
agronomical  tele/cope^  confifts  alfo  only  of  two 
lenfcs,  and  both  of  them  are  convex.  Let  PAP, 
fig.  i$>pl*  6,  reprefent  the  objedt-glafs  which  is 
convex,  and  whofe  focus  is  at  F ;  Q  Q  a  deeper 
and  fmaller  convex  lens  for  the  eye-glafs,  which  is 
to  be  fixed  upon  the  fame  axis,  fo  that  it's  focus 
may  coincide  with  the  point  F ;  holding  the  eye  at 
6,  fo  that  the  diftance  B  O  be  nearly  equal  to  the 
focal  diftance  of  the  eye-glafs.  With  a  telefcopc 
conftru&cd  in  this  manner  objects  will  be  fecn 
diftind:ly,  and  magnified  in  the  lame  proportion  as 
the  focus  of  the  objcA-glafc  exceeds  that;  of  the 
eyc-glaffes;  but  it  reprefehts  all  objects  inverted, 
which  does  not  leflen  it's  value  for  aftronomical 
purpofes,  but  renders  it  inconvenient  and  improper 
for  viewing  terrcftrial  objects. 

I  have  to  explain  to  you,  lft,  How  this  ar- 
rangement of  glafles  fhewsdiftantobjedts  diftindtly. 
2d,  Why  it  magnifies  in  the  fame  proportion  as 
the  focus  of  the  objeQ-glais  exceeds  that  of  the 
cye-glafs,  and  exhibits  the  objects  in  an  inverted 
x  pofition. 
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of  Ac  fecood  article 
ohjitt  c  E,  fgm  jGm  p/m  ^  fup> 
is  finite  diftancc.  The 
brtheobjear-glafe,* 
w3I  be Ff ;  tfe  hznge  wfTI  be  inverted, 
s  ■  becoce  an  otjeer  for  the  eye-rials*  2nd  F*W 
f  xi  iTs  Sjres  the  ::nage  will  be  at  an  infiaitt 
fbppafc  az  G|v  A  G  being  confidcred  til 
iCviz :c  as  wcil  as  A  E.  Now  to  dtttr- 
vseethe  £ze  of  this  image,  draw  a  ftrmit  line  Bfg 
feccfrh  B  lie  middle  of  the  lens,  and  the  cxtrt- 
jRctr  f  of  the  insage.  This  fecond  image  is  Ac 
ixcoediite  eb;efi  of  vi£on,  and  being  at  an  infi- 
nite diftiace  *iH  be  fecn  undtr  the  angle  GBg; 
Jmt  die  object  itfelf  is  <|rn  under  the  angic  E  Ac 
I  fcarccly  nerd  ohferrero  you,  that  it  is  indifferent 
where  the  points  A  and  B  are  taken,  as  the  dis- 
tance is  conudcred  as  infinite.  The  triangle! 
F  A  t,  F  B  f,  may,  as  in  the  preceding  conftru&iofl, 
be  confidcred  as  Teeters  of  a  circle,  the  line  Ff 
being  an  arch  common  to  both,  for  the  angles  ait  fo 
fmall  that  the  chord  may  be  taken  tor  the  arch; 
AE  and  BF  arc  the  respective  radii,  and  the 
itches  are  equal;  and  of  courfe,  as  I  have  proved 

befort, 
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before,  the  angles  Faf  (or  EAc)  and  FBf  for 
GBg)  are  in  the  fame  ratio  as  the  radii  BF  and 
ft  F.  Therefore  the  angle  GBg,  under  which  the 
E>bje6t  is  feen  by  the  tclefcqpe,  is  (6  much  larger 
than  the  angle  E  A  e,  under  which  the  objedt  is 
fecn  by  the  naked  eye,  as  A  F  is  larger  than  B  F. 

3.  With  refpedt  to  the  place  of  the  eye,  the 
proper  fituation  thereof  is  determined  by  the  field ; 
for  if  you  remove  it  either  way  from  the  focus  of 
the  eye-glafe,  the  field  is  diminifhed.  It  is  a  great 
advantage  in  telefcopes  of  this  conftruftion,  that 
by  removing  the  eye  from  the  eye-glafs,  the  field 
may  be  to  a  certain  degree  increafed ;  and  it  is  ow- 
ing to  this  that  the  magnifying  power  of  thefe 
may  be  fo  much  increafed,  which  will  be  evident 
by  the  following  coniiderations  : 

k  Let  Ee,  fig.  17,  pL  6,  be  the  obje<3:  at  an 
infinite  diftance,  ethe  extremity  vifible  by  the  te- 
tefcopc,  whofc  glafles  PAP,  QIJQ>  are  fituated 
on  the  axis  E  A  B  O ;  we  have  now  to  confider  the 
dKredion  of  the  ray  e,  which  proceeds  from  the 
extremity  of  the  objeft  through  the  middle  of  the 
ebject-glafs;  for  the  other  rays  proceeding  from 
Che  fame  pointy  only  contribute  to  ftrengthen  the 
effed:  produced  by  this  ray. 

2.  The  ray  e  A  paffing  through  the  middle  of 
the  gMtfs  P  P  is  not  bent,  but  paffing  on  in  the  di- 
rection A  fM,  paffing  by  the  extremity  f  of  the 
image,  and  falling  upon  the  eye-glafs  at  M.  Here 
it  is  neceflary  to  obferve,  that  if  the  eye-glafs  is 
not  large  enough  to  reach  M,  this  ray  would  not 
enter  the  eye,  and  the  point  c  would  be  inviiible ;. 
that  is,  in  other  words,  the  extremity  e  muft  be 
placed  nearer  the  axis,  to  make  the  ray  A  f  M  fall 
upon  the  eye-glafs.  <  r* 

3.  This  ray  A  M  will  be  refra&cd  by  th 
glafs ;  the  mode  of  it's  ret radtion  will  be  c 
veitigated :  to  this  end  let  us  confider  the 
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image  Gg.  Now  the  line  B  prolonged,  falls 
upon  g,  the  extremity  of  the  fecond  image,  and  the 
refradted  ray  takes  the  direction  N  O,  which  being 
prolonged  falls  upon  4?. 

4.  Since  then  the  two  lines  ON  and  Bf  meet 
at  g  at  an  infinite  diitance,  they  may  be  confidered 
as  parallel  to  each  other  ;  therefore,  to  determine 
the  pofition  of  the  refradted  ray  N  O,  we  have  only 
to  draw  a  line  parallel  to  the  line  B  f.     . 

5.  From  hence  it  is  evident,  that  the  ray  NO 
muft  meet  with  the  axis  of  the  telefcope  as  at  0; 
and  fince  generally  when  the  magnifying  power  is 
great,  the  point  F  is  much  nearer  the  glafs  Q  Q 
than  the  glafs  P  P,  &he  interval  B  M  will  be  a  little 
larger  than  the  image  Ff;  and  as  the  line  NO  is 
parallel  to  f  B,  the  line  B  O  will  be  almoft  equal  to 
B  F,  the  focal  diftance  of  the  eye-glafs. 

6.  The  eye  being  placed  at  O  will  receive  not 
only  the  rays  which  come  from  the  middle  of  the 
object  E,  but  alfo  thofe  which  proceed  from  the 
extremity  e,  and  confequently  thofe  u  hich  come 
from  all  other  parts  of  the  objedt ;  the  rays  from 
BO  and  N  O  will  fall  at  the  fame  time  on  the  eu\ 
however  final  1  the  pupil  may  be;  the  field  there- 
fore in  this  conftruction  does  not  depend  upon  the 
iize  of  the  pupil,  provided  the  eye  be  placed  at  0, 
but  the  moment  the  eye  is  removed  from  O,  the 
apparent  field  is  diminilhcd. 

7.  If  the  point  M  was  not  at  the  extremity  of 
the  eye-glafs,  it  would  tranfmit  rays  that  were  fur- 
ther removed  from  the  axis,  and  the  field  would 
be  larger.  Therefore  to  determine  the  field  oi 
which  the  telefcope  is  capable,  draw  from  A  the 
middle  of  the  objeA-glals,  to  M  the  edge  of  the 
eye  glafs,  the  line  AM;  this  continued  to  e,  the 
object  will  mark  the  vilible  extremity  thereof, 
confequently  the  angle  EAc  or  BAM  gives  the 
femidiamcrer  of  the  apparent  field,  which  is  con- 
fequently 
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frequently  augmented  in  proportion  as  the  eye- 
glafs  is  larger.  In  the  firft  kind  the  field  depended 
on  the  aperture  of  the  pupil  of  the  eye,  in  this  it 
depends  on  the  aperture  of  the  eye-glafs. 

Bytheobjedt-glafs  the  obje&is  carried  fromEe 
to  F  f ;  by  the  eye-glafs  it  is  as  it  were  removed  from 
F  f  to  Gg;  the  image  Gg,  from  being  at  fuch  a  dif- 
Dance,  is  fecndiftin&lyi  This  image  is  feenby  the  eye 
it  O  under  the  angle  G  O  g  or  B  O  N,  while  the  ob- 
cdfc  is  feen  by  the  naked  eye  under  the  angle  EAe; 
:he  telefcope  therefore  magnifies  in  the  fame  pro- 
x>rtion  as  the  angle  B  O  N  is  greater  than  the  an- 
gle EAe.  Now  as  N  O  is  parallel  to  B  f,  the  angle 
JONis  equal  to  the  angle  F  b  f,  and  the  angle 
i  A  e  is  equal  to  F  A  f ;  therefore  the  magnifying 
xrwer  may  be  determined  by  the  proportion  be- 
wjeen  the  angles  F  b  f  and  F  A  f.  Now  F  b  f 
s  as  much  larger  than  FAf,  as  the  line  A  F  is 
arger  than  the  line  B  f,  or  as  much  as  the  focus 
if  the  objedt-glafs  exceeds  that  of  the  eye-glafs. 

Summary  of  the  Properties  of  the  Astrono- 
mical Telescope. 

1 .  The  magnifying  power  is  in  the  propor- 
:ion  of  the  focal  diftance  of  the  objedt  to  the  eye- 
glafs. 

2.  The  rays  emerging  from  the  eye-glafs  to 
:he  eye  fhould  be  parallel  for  a  good  eye ;  if  this 
Iocs  not  fuit  another  eye,  then  the  tube  muft  be 
3u£hed  in  or  pulled  out  till  the  object  appears  dif- 
:in<5t.  ■ 

3.  The  apparent  magnitude  of  an  object  is 
:he  fame  wherever  the  eye  be  placed,  but  the  vili- 
3le  area  is  the  greateft  when  the  eye  is  nearly  at 
:he  focal  diftance  of  the  eye-glafs. 

4.  The  objeft  is  always  inverted. 

c.  The  vifua1  depends  on  the  breadth 
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ef  the  cyc-gtafs ;  for  it  is  equal  to  the  angle  which 
the  eye-glafs  fubtends  at  the  objeft-glafs  fromEe. 
There  are  two  other  circumftances  relative 
to  the  perfection  of  telefcopes,  which  wc  have 
now  to  confider ;  the  brigbtnefs  or  quantity  rf 
light,  and  the  diftinftnejs  with  which  objeds  art  ; 
feen. 

With  refpedt  to  brightnefs,  the  telefcope  may 
be  confidered  as  perfeft  when  it  reprefents  them 
as  bright  as  they  arc  feen  by  the  naked  cyey  which 
is  the  cafe  when  the  aperture  of  the  pupil  is  filled 
by  the  rays  which  come  from  each  part  of  the  ob- 
je<ft  after  being  tranfmitted  through  the  telefcope; 
Jo  long  as  a  telefcope  furnifhes  a  fufficient  quantity 
of  rays  to  fill  the  aperture  of  the  pupil,  no  greater 
brightnefs  can  be  defired,  for  a  greater  quantity 
would  be  ufelcfs.     But  as  the  fize  of  the  pupil  va- 
ries, it  has  been  ufual,  in  confidering  this  fubjefi, 
to  confider  it  of  about  tV  of  an  inch  diameter:  when 
you  confider  that  the  light  of  the  fun  is  reckoned 
to  exceed  that  of  the  moon  300,000  times,  you 
will  eaiily  perceive  that  a  fmall  diminution  of  light 
is  not  of  any  great  confequcncc.    Let  us,  however, 
examine  the  rays  tranfmitted  by  the  telefcope,  and 
compare  them  with  the  afiigncd  diameter  of  the 
pupil  ;  this  will   be  clearer  by  attending  only  to 
one  point  of  the  object,  that,  for  inftance,  which 
coincide  with  the  axis  of  the  telefcope. 

1.  The  object  being  at  an  infinite  diftance, 
the  rays  which  fall  upon  the  furface  of  the  objed 
may  be  confidered  as  parallel  to  each  other;  there- 
fore all  the  rays  which  come  from  the  center  of 
the  object  will  he  contained  between  the  lines  eP, 
eP,  parallel  to  theatfis  E  A,  jig.  15,  pi.  6.  Allthdfe 
rays  taken  together  arc  named  the  pencil  of  rays, 
which  fall  upon  the  object-glafs,  and  the  thick- 
neis  of  this  pencil  i  equal  to  the  aperture  of  the 
object-glafs,  whofe  diameter  is  P  A  P. 

2.  This 
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2.  This  cylindrical  pencil  of  rays  is  changed 
rito  a  conical  one  P  F  P  by  the  objedUglafs ;  after 
aving  crofled  at  the  focus  F,  the  rays  proceed  and 
arm  another  cone,  the  apex  of  which  is  at  the 
ocus,  and  the  bafe  is  the  eye-glafs.  Now  it  is 
vident,  that  the  bafe  of  the  cone  m  m  is  as  much 
nailer  than  the  pencil  PP,  as  the  diftance  FB  is 
lortcr  than  the  diftance  A  F. 

3.  Now  the  rays  Fm,  Fm,  after,  pafling 
irough  the  eye-glafs,  again  become  parallel  to 
ach  other,  and  form  the  pencil  no,  no,  which 
liter  the  eye,  and  paint  thereon  the  image  of  that 
oint  from  which  they  originally  proceeded. 

4.  Every  thing  turns  now  upon  the  fize of the 
encil  of  rays  no,  no,  which  enters  the -eye ;  if  the 
iameter  thereof  is  equal  or  greater  than  the  aper- 
ire  of  the  pupil,  it  will  be  filled,  and  the  objedl 
ill  be  feen  with  all  poflible  brightnefs. 

5.  But  if  the  fize  of  this  pencil  be  much 
nailer  than  that  of  the  pupil,  it  is  clear  that  the 
*prefentation  would  be  obfeure,  which  is  a  great 
efedt  in  any  telefcope ;  to  prevent  which,  the  laft 
encil  of  rays  fhould  be  rather  more  than  iV  of  an 
ich  in  diameter,  though  it  would  be  better  if  it 
as  nearly  -fa  of  an  inch. 

6.  Now  it  is  evident,  that  the  fize  of  the  laft 
encil  of  rays  depends  on  the  fize  of  the  firft  by 
hich  it  is  formed,  which  is  eafily  determined ; 
>r  we  have  only  to  fee  how  miich  fmaller  n.n  is 
lan  PP,  the  aperture  of  the  obje<5l-glafs.  Now 
P  is  to  nn  as  A  F  to  BF,  on  which  the  magni- 
'ing  power  depends ;  therefore  the  magnifying 
ower  fhews  how  much  larger  the  pencil  E  P,  EP, 

than  the  pencil  n  o,  n  o. 

7.  From  hence  it  is  evident,  that  the  aperture 
f  the  objedt-glafs  fhould  be  incrcafed  in  propor- 
on  as  the  magnifying  power  is  augmented ;  con- 

K  k  2  fequently 
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fequently  if  this  proportional  diameter  cannot  be 
given  to  the  objeti-glafs,  the  telefcope  will  bete 
fc&ive. 

Opticians  have  eftablifticd,  as  a  general  rule, 
that  the  aperture  of  a  lens  fhould  always  be  fmallcr 
than  half  it's  focal  diftance. 

Diftindtnefs  of  expreffion  is  confefledly  the 
moft  important  article  in  the  nature  of  telefcopes» 
and  to  attain  it>  has  exercifed  the  genius,  and  called 
forth  the  abilities  of  a.  Newton,  Dollond,  Euler, 
D'Alembert,  &c. 

You  may  remember  that  I  aflumed  as  a  prin- 
ciple, that  a  convex  lens  united  in  one  point  the 
image  of  all  the  rays  proceeding  from  any  given 
point  of  an  objeft.  If  this  was  rigoroufly  true,  the 
images  formed  hy  lenfes  would  be  as  well  termi- 
nated, and  as  perfectly  defined,,  as  the  objeeft  itfelf. 

But  this  principle  is  only  true  to  a  certainde- 
grcc,  and  with  refpeft  to  thofe  rays  that  are  near 
the  center  of  the  lens  ;  for  the  rays  which  pafs 
rh rough  the  glafs  at  a diftance  from  this  center  arc 
not  collected  in  the  fame  point  with  thofe  which 
pals  through  the  middle,  and  from  this  double 
image  great  indiilinctncfs  arifes. 

To  render  this  more  clear,  we  mud  agaia 
have  reference  to  a  diagram.  Let  P  P,  Jig.  7,//-7> 
be  a  convcx-glafs  ;  lie  an  object  iituated  on  the 
axis  thereof;  E  the  point  coinciding  with  the 
axis,  and  fending  out  rays  EM,  EN,  K  A,  EM, 
E  N,  on  the  furface  of  the  glafs.  We  have  to  con- 
iider  how  the  direction  of  thefe  rays  is  changed  by 
the  lens. 

i.  The  ray  E  A  parting  through  the  niiddfc  of 
the  glafs  is  not  refracted,  but  proceeds  in  the  fame 
rectilinear  dirc£Hon  A  B  E. 

2.  The  rays  EM,  EM,  which  arc  very  near 
to  E  A,  are  only  refracted  in  a  fmali  degree,  but  Jo 
as  to  unite  fomewhere*  as  at  F,  which  point  oi 

union 
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union   \vc   have  confidcrcd   as   the   focus  of  the 
lens. 

3.  The  rays  EN,  EN,  which  arc  further 
from  the  axis,  or  nearer  the  edge  of  the  glafs,  are 
xcfradted  fomewhat  differently,  fo  as  to  meet  at  G 
.nearer  the  lens  than  the  point  F,  forming  a  fcpa- 
rate  image  Gg. 

4.  This  circumftance  concerning  the  rays 
which  fall  upon  the  lens  at  a  diftance  from  the 
center,  and  there  forming  another  image  of  the 
fame  point,  feparate.  from  that  which  is  formed  by 
the  rays  that  pafs  near  the  center  of  the  lens,, 
though  I  have  not  noticed  it  to  you  before,  merits 
confiderable  attention. 

5.  From  hence  you  will  perceive,  that  thefirft 
image  F  f  is  formed  only  by  the  union  of  thofc 
Tays  which  are  very  near  the  middle  of  the  glafs,, 
and  that  a  fucccflion  of  images  is  formed  by  the 
rays  that  are  more  and  more  removed  from  the 
axis,  till  at  laft  you  come  to  thofe  which  fall  near 
the  edge  of  the  lens,  which  form  the  image  G  g. 

'6.  An  indefinite  number  of  images  are  there- 
fore formed  between  Ff  and  Gg,  by  the  rays  that 
fall  upon  the  fur-face  of  the  lens  between  the  axis 
#nd  the. edge  thereof. 

7.  This  fucccflion  of  images  is  termed  thfc 
aberration  arifingfrom  the  fpbericity  of  the  glafs,  or 
jthe  diffuiion  of  the  image ;  and  it  muft  be  evident 
Jo  you,  that  when  thefe  rays  enter  the  eye,  the 
yifion  obtained  thereby  of  the  original  point  muft 
Ibe  confufed  and  indiltindl ;  but  if  the  fpace  F  G 
could  be  reduced  to  the  point  F,  there  would  be 
no  confusion  or  want  of  diftindnefs. 

8.  This  diffuiion  or  difperfion  of  the  rays  is 
greater  in  proportion  as  the  arcs  PAB,  PBP,  arc 
larger  fegments  of  their  refpedtive  circles;  and  you 
jvill  perceive  from  thence,  that  very  thick  and  con- 
vex lenfes  are  to  be  rejected ;  thus,  in  this  figure, 

K  k  3  where 
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where  the  arcs  PAP  and  PBP  arc  the  fourth 
part  of  the  whole  circumference,  the  confufioa 
would  be  infupportable. 

9.  Some  authors  who  have  written  upon  this 
fubjeft,  fay,  that  the  arch  forming  the  lens  (houM 
not  contain  more  than  20  degrees  of  it's  refpedivfc 
circumference. 

10.  But  if  the  lens  be  defigned  for  the  objeft- 
glafs  of  a  telefcope,  it  muft  be  formed  of  an  11c 
containing  fewer  degrees ;  for  though  the  difper- 
fion  of  the  rays  may  be  inferifible  in  itfelf,  thfc 
magnifying  power  multiplies  it  as  often  as  the  ob- 
ject itfelf:  hence  the  greater  the  magnifying  power, 
the  fmaller  the  number  of  degrees  that  fhouldbc 
embraced  by  the  objedt-glafs. 

When  the  difperiion  of  the  rays  is  very  great, 
it  may  be  leffcned  by  covering  the  edge  of  the  lens 
with  an  opake  ring,  leaving  only  a  fmall  aperture 
round  the  center  of  the  lens ;  by  this  means  dij- 
//-;.V'.v'i  is  reftored,  but  brightnefs  is  diminiflied, 
and  as  much  is  loft  on  cne  hand  as  is  gained  on 
the  orher  ;  the  more  fo  as  every  increafe  in  magni- 
fy ng  power  requires  a  proportional  increafe  of 
aperture.  Opticians  l.ae  therefore-  with  much 
pains  and  afTiduity  endeavoured  to  difcover  fome 
means  of  correcting  this  dirperiion,  without  leiTen- 
ing  the  aperture  of  the  ehject-glafs. 

The  focus  of  the  rays  which  pafs  through  the 
middle  of  a  convex  lens,  is,  as  you  have  feen,  fur- 
ther from  the  lens  than  the  focus  of  the  rays  which 
pafs  near  the  edge  of  the  glifs.  Now  it  has  been 
obferved  by  opticians,  that  a  concave  lens  produces 
a  conuary  effect  ;  they  have  confequfntly  invefti-  ' 
pared  this  fubject,  in  order  to  fee  whether  they  J 
could  not  combine  a  concave  with  a  convex  lens,  I 
■fo  as  to  correct  or  deftroy  this  aberration,  wh*  ' 
the  compound  lens  produced  *^-  ordinary  eff 
-    fimplc   objecl-gkifs.      V  *  t&}y 
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-you,  that  concave  Icnfcs  are  confidered  according  to 
their  focus  as  well  as  convex  lenfes,  but  with  this 
difference,  that  the  focus  of  a  concave  lens  is  vir- 
tual or  imaginary,  and  falls  before  the  lens,  while 
■that  of  the  convex  is  real,  and  falls  behind  the 
lens.  Thefe  circumftanccs  being  confidered,  op- 
ticians reafoned  in  the  following  manner. 

1.  If  you  place  a  concave  lens  behind  a  convex 
xme  of  the  fame  focal  diftance,  the  rays  that  would 
-have  been  united  in  it's  focus  are  fo  refracted  as  to 
be  rendered  parallel  to  each  other,  as  they  were  be- 
fore they  entered  the  glafs. 

2.  In  this  cafe  the  concave  lens  deftroys  the 
jcffc£t  of  the  convex,  and  the  rays  go  on  in  their  ori- 
ginal and  natural  order. 

3.  If  the  focal  diftance  of  the  concave  lens  is 
fmallcr  than  that  of  the  convex,  the  effedt  would 
be  greater,  and  the  rays  rendered  diverging.  Thus 
the  incident  parallel  rays,  LM,  L  A,  L  M,  fig.  8, 
//•7,  parting  through  the  glafle6  M  P,  Q  Q,  will  go 
on  diverging  in  the  direction  NO,  BF*  NO. 
Thefe  two  glafles  therefore,  when  combined,  pro- 
duce the  fame  effedt  as  a  fingle  concave,  that  would 

five  to  parallel  rays  the  fame  degree  of  divergence. 
'wo  glaffes  combined  together,  of  which  the  con- 
cave has  a  fmaHer  focal  diftance  than  the  convex, 
arc  equivalent  to  a  fingle  concave  glafs. 

4.  But  if  the  concave  lens  Q  Q,  fig.  9,  pL  7, 
•has  a  longer  focal  diftance  than  the  convex  lens 
PP,  it  will  not  even  render  the  rays  parallel  that 
the  convex  lens  would  unite  at  it's  focus  F,  but  it 
will  however  fo  far  leffen  their  convergence,  that 
inftead  of  meeting  at  E  they  will  unite  at  O,  a 
point  further  from  the  lens. 

5.  The  combined  lenfes  in  this  inftanee  pro- 
~^a  fingle  convex  Jena,  whofe 

1    evident  tjjfifb  thac  it  is 

|q  of  two 
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lenfes,  the  one  convex  and  the  other  concave,  to 
that  the  combined  lenfes  may  be  equivalent  to  aflf 
given  convex  lens. 

6,  Such  a  combined  lens  may  be  applied  to  a 
telefcope  in  Head  of  a  {ingle  lens,  and  the  effect  with 
refpe£t  to  magnifying  power  will  be  ftill  the  fame; 
but  the  degree  of  diffufion  or  difperfion  in  the  rays 
will  be  very  different;  it  may  be  greater  or  much 
lefs  than  in  a  finglc  lens  :  in  the  laft:  cafe  the  dou- 
ble object -glafs  Mill  be  far  preferable  to  a  finglc 
one, 

7*  J$ut  what  is  ftill  more  advantageous,  kit 
poiTibie  fo  to  arrange  them,  that  this  difperfion  ma? 
be  deftroyed.  Calculation  difcovers  thefc  combi- 
fiations,  but  the  hand  of  the  artift  is  not  equal  to 
the  execution. 

The  combination  of  two  lenfes  in  the  manner 
that  I  have  here  defcribedj  forms  what  is  called* 
compound  a&jeft-glafs ;  the  end  to  be  attained  iSj 
that  the  rays  which  pafs  through  the  lens,  as  well 
thofe  at  the  edge  as  thofc  at  the  center,  may  be 
united  in  a  fingle  point,  and  form  only  one  imagtj 
without  fuch  a  difperfion  of  the  rays  as  takes  place 
in  a  fingle  obje&^glafs. 

Many  are  the  advantages  that  would  be  de- 
rived from  fuch  a  combination;  the  objetft  would 
appear  more  diftinti  and  better  terminated,  be* 
caufe  the  vifion  would  not  be  con  fu  fed  by  that 
mixed  fuccefiion  of  images  produced  by  a  finglc 
object-glafs.  This  difperfion  of  the  rays  is  one 
of  the  principal  reafons  which  forces  us  to  make 
ufc  of  very  long  tekfeopes,  in  order  thereby  todi- 
miniih  the  effect  of  the  difperfion  ;  but  if  this 
difperfion  was  entirely  dellroyed,  much  fmaller 
ones  might  be  ufed,  that  fhould  be  productive  of 
the  fame  effcQ. 

It  will  be  neceflary  to  obferve  to  you  ba 
•tfiac  the  fides  or  faces  of  the  lenfes 
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in  different  ways,  almoft  ad  infinitum,  and  yet  the 
focus  remain  the  fame  ;  this  is  effected  by  forming 
the  fides  of  equal  or  unequal  radii,  as  will  be  evi- 
dent by  cortfidering  an  example.  Let  us  fuppofe 
then  a  convex  lens,  whofe  fides  have  been  formed 
on  a  tool  of  24  inches  radius,  confequently  each 
face  is  the  fegment  of  a  circle  of  24  inches  radius ; 
it  will  be  equally  convex  on  both  fides,  and  be  of 
24  inches  focus,  as  commonly  eftimated ;  but  as 
the  focus  depends  on  the  refra&ion,  it  varies  ac- 
cording to  the  denfity  of  the  glafs ;  generally  the 
focal  point  is  nearer  the  lens  than  the  raaii  of  the 
face,  fometimes  a  tenth  or  twelfth  part,  fo  that  the 
lens  that  we  have  fuppofed  to  be  ground  on  a  tool 
of  24  inches  radius  will  have  it's  focus  at  22 
inches. 

By  making  the  furfaces  unequal,  an  infinite 
variety  of  lenfes  may  be  formed,  that  fhall  all  have 
the  fame  focus;  ex.  gr.  if  one  face  be  taken  of  a 
fmaller  radius  than  24  inches,  the  other  mull  be 
taken  of  a  longer,  the  one  thus  compenfating  for 
£he  other.  The  following  tabic  exhibits  a  view  of 
fome  of  the  varieties  with  which  the  two  faces  of 
a  lens  may  be  worked,  and  yet  produce  the  fame 
effect. 

Glaffes.     Radius  of  id  face.     Radius  of  2d  face. 


J 

24 

24 

2 

21 

28 

3 

20 

30 

4 

18 

-         36 

5 

16 

48 

6 

iS 

60 

7 

»4 

84 

8 

13 

iS6 

9      A 

^Bftk 

infinite. 

^^iathc^ 

fcft  the  raditjj 

^^L  the 
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die  half  of  24  inches-;  but  the  other  face  the  reg- 
iment of  a  circle,  whofe  radius  is  infinite,  and  there- 
fore may  be  confidercd  as  a  ft  rait  Jinc  ;  and  there* 
fore  this  leas  would  be  a  plano-convex. 

If  you  arc  deftrous  that  one  of  the  faces  be 
formed  of  a  fmaller  radius  than  12  inches,  the 
other  face  muft  be  concave,  and  the  glafs  will  be 
convexo-concave,  or  what  is  termed  a  memfath 
The  following  table  is  a  fpecimen  0/  figiircs  fa 
this  form : 


Menifcus. 

Rad. 

of  1  ft  face. 

JRad.  of  concave, 

10 

ii 

132 

it 

to 

60 

14 

9 

36 

»3 

t 

24 

H 

6 

12 

:i 

4 

6 

3 

4- 

You  have  here  then  fixteen  different  kinds  of 
lenfes,  whofe  foci  will  all  be  at  the  fame  diftance 
or  point.  If  the  focus  only  were  confidered,  it 
would  be  indifferent  which  of  thefe  were  employed; 
yet  it  is  not  fo  with  refpe<£l  to  the  difperfion  of  the 
rays,  for  in  this  refped:  they  differ  confiderably  ;  it 
is  much  more  in  fome  than  in  others.  AraongU 
thefe,  that  of  the  feventh  kind  is  one  of  thofe  where 
the  difperfion  is  leaft,  being  nearly  one  half  left 
than  it  would  be  if  the  lens  were  equally  convex  oa 
both  fides  ;  and  it  is  therefore*of  an  advantageous 
figure  for  a  fingle  objedt-glafs. 

From  what  has  been  faid,  you  perceive,  that 
in  order  to  correal  the  aberration  that  arifes  from 
the  fphericity,  it  is  neceflary  to  refolve  a  problem 
which  will  difcover  what  are  the  proper  radii  for 
the  two  Turfaces  of  a  lens,  fo  that  the  difperfion  of 
the  rays  may  be  annihilated ;  the  folutioii  requires 

a  con- 
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H  confiderable  knowledge  of  the  more  profound 
parts  of  geometry,  and  therefore  does  not  come 
within  the  compafs  of  thefe  Ledtures  ;  enough, 
however,  has  I  hope  been  faid  to  render  the  fubjedi 
clear  to  you,  and  to  point  out  the  neceflity  and 
nature  of  thefe  inveftigations. 

There  is  (till  another  aberration  to  be  cor- 
rected, another  caufe  of  difperfion  in  the  rays  to  be 
counteracted  ordeftroyed  ;  this  fecmsmore  impor- 
tant, and  more  difficult  to  be  cured,  as  it  does  not 
depend  on  the  glafs,  but  on  the  nature  and  proper- 
ties of  the  rays  of  light.  You  no  doubt  remember 
what  I  have  already  told  you  refpedting  the  variety 
in  the  rays,  according  to  the  different  colours  they 
occafioned,  that  is,  that  they  were  of  different  de- 
grees of  refrangibility ;  thus,  that  the  red-making 
rays  were  the  leaft  refradted,  and  the  violet-mak- 
ing rays  the  mott  refradted,  all  the  other  rays  fal- 
ling within  thefe  two  extremes. 

Thus  when  a  beam  of  light  falls  obliquely 
upon  a  piece  of  glafs  A  BCD,  fig.  10,  pi.  7,  in- 
ftead  of  proceeding  in  the  fame  direction  P  Q,  it 
is  not  only  refradted  but  feparated  into  feveral 
rays  Pt,  PS,  Pr,  Pv,  of  which  the  firft  Pt,  that 
is  the  leaft  refradted,  reprefents  the  red-making 
ray,  and  the  laft  P  v,  the  violet-making  ray.  Their 
divergence  is  indeed  much  lefs  than  that  which  is 
reprefented  in  this  diagram,  but  fufficient  to  be- 
come fenfible. 

From  this  difference  in  the  refrangibility  of 
the  rays,  arife  various  phenomena  with  refpedt  to 
dioptric  glafles,  among  which  are  the  following : 

1.  :Let  PP,J?£.  ii, pi.  7,  be  a  convex  lens  at 
a  confiderable  diftance  A  O,  from  the  object  Oo,  to 
determine  the  image  formed  by  the  Wns,  without 
taking    into  coniidcration  the  aberratuflfl  \y 

difcufied;  or  what  comes  tj 
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confidering  the  rays  that  pafs  through  the  middle 
of  the  lens. 

2.  Let  us  fuppofc  that  the  objeifl  Oo  be  red, 
and  the  rays  proceeding  therefrom  will  be  all  red- 
making  rays,  and  will  form  fomewhere  a  red  image 
Rr  of  the  objeft,  and  R  will  be  the  focus  of  the 
red -making  rays,  or  thofe  which  have  the  leaft  rc- 
£ra<5tion. 

3.  But  if  the  objeft  Oo  be  violet,  the  rays 
will  be  more  rcfrad\edf  and  the  image  V  v  will  be 

,  nearer  the  lens,  and  the  point  V  will  be  the  focus 
of  thefe  rays, 

4.  If  the  objetft  be  of  any  of  the  intermediate 
colours  between  thefe  two,  the  image  will  fall  be- 
tween R  and  V. 

5.  But  if  the  objcift  is  not  of  an  homogeneous 
colour,  (or  is  white,}  as  is  the  cafe  in  moll  bodies, 
the  different  kinds  of  rays  arc  feparated  by  refrao 
tion,  and  each  kind  forms  an  image  apart ;  that 
formed  by  the  red-making  rays  will  be  found  it 
R  r,  and  that  by  the  violet  at  V  v,  and  the  fpace 
R  V  will  be  filled  by  images  of  the  intermediate 
colours. 

6.  The  glafs  P  P  will  reprefent  an  indefinite 
number  of  images  of  each  objeft  O  o  formed  in  the 
fpace  R  V,  and  fituated  ii>  the  order  of  the  prif- 
jnatic  colours. 

7.  Each  of  thefe  images  will  be  diftinft  in 
itfelf,  but  taken  together  productive  of  a  very  fenr 
iible  confufion. 

8.  Here  then  is  another  fpecies  of  difperfion 
totally  independent  of  that  which  we  have  al- 
ready treated  of,  and  tinging  each  image  with  a 
particular  colour. 

9.  This  difperfion  depends  confiderably  on  the 
focal  diftance  of  the  lens,  being  about  /rth  part; 
when  the  focal  diftance  is  28  feet,  the  fpace  R  V 


*~\ 
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\^   nh.\:t   I    f\:t.      It  the  !,:i^  v.;i.  uf   ;';  it  ^l   f:>ci:.-.> 
K  V  would  be  about  2  feet. 

I  have  now  explained  to  you  a  fecond  fourcc 
or  caufe  of  indiftinCt  or  imperfect  vifion ;  namely, 
chat  which  arifes  from  the  different  rcfrangibility 
of  the  rays :  which  requires  a  different  mode  of 
correction  from  the*  former  error,  which  I  fhall 
treat  of  when  we  come  to  fpeak  of  acromatic 
telescopes  ;  and  only  fhew  here,  how  the  error 
may  be  in  a  degree  corrected,  by  the  difpofition  of 
the  eye-glaffes. 

1.  It  is  certain,  that  the  object-glafs  forms  an 
infinity  of  images  of  each  object,  fuccefllvtly  rang- 
ed in  the  fpace  of  diffuiion,  each  of  which  tinged 
with  it's  proper  colour. 

2.  Each  of  thefe  images  becomes  an  objedl, 
with  refpect  to  the  cye-glais,  with  it's  refpettivc 
colours  ;  and  if,  inftcad  of  one  tyc-glafs,  more  are 
ufed,  the  fame  thing  ftill  takes  place. 

3.  Let  us  therefore,  in  this  diagram,  confidcr 
the  laft  images  that  the  telefcopc  forms  for  the  eye 
at  O,  and  let  Rr  be  the  red  image,  and  Vv 
the  violet;  the  other  colours  falling  within  this 
fpace,  according  to  their  different  degrees  of  re- 
frangibility. The  lcnfes  are  not  exhibited  in  the 
figure,  becaufc  we  arc  only  to  conlider  the  manner 
in  which  the  images  are  feen  by  the  eye,  fuppoling 
the  diftance  from  the  eye  to  them  to  be  very  great. 

4.  All  thefe  images,  together  with  the  inter- 
mediate ones,  are  fituated  on  the  axis  ORV  of  the 
telefcopc,  and  terminated  by  a  ltrait  line  rv,  that 
we  may  call  the  terminator  of  all  the  images. 

5.  According  to  the  representation  in  the 
figure,  the  red  image  Rr  is  feen  by  the  eye  at  O, 
under  the  angle  ROr,  which  is  larg;er  than  the 
angle  VOv,  under  which  the  violet  image  Vv  is 
viewed ;  the  violet  rays  which  enter  the  eye,  arc 
therefore  mixed  with  the  red  rays  which  proceed 
from  the  part  Rr  of  the  image  Rr;  and,  confe- 
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quently,  there  i*~a  very  great  confufion  of  the 
images. 

6.  But  the  ray  O  r  not  being  mixed"  with  the 
others,  the  extremity  or  edge  of  the  image  will  be 
red ;  but  will  foon  after  be  mixed  with  the  other 
colours,  forming  the  iris,  which  is  fo  common  iff 
other  telefcopes.  If  the  largeft  image  was  the 
▼iolet,  the  confufion  would  be  as  great  as  be- 
fore, with  only  this  difference,  that  the  extreme 
edge  would  be  violet,  not  red. 

7.  Much  of  the  confufion  will  depend,  there- 
fore, on  the  pofition  of  the  terminator  r  v ;  and  from 
the  various  fituations  that  may  be  given  to  it,  this 
confufion  will  be  fometimes  greater,  and  fome- 

'  times  lefs. 

8.  Suppofe  that  the  images  were  fo  arranged, 
that  the  terminator  v  r  palfed  -diredtly  into  the  eye 
by  a  fingle  ray  vrO;  tnen  the  extremities  of  the 
image,  and  all  the  points  which  anfwer  to  one 
point  in  the  objeft,  would  form  only  one  point  in 
the  eye,  and  the  point  of  the  objedl  would  be  re- 
prefented  diftindtly. 

9.  This  advantage  is  to  be  obtained  when  the 
terminator,  being  prolonged,  pafles  diredlly  into 
the  eye ;  and  fuch  a  pofition  is  to  be  fought  for  in 
the  arrangement  of  the  eye-glaflcs,.  ^ 

Before  we  enter  upon  acromatic  telefcopes,  I 
fliall  endeavour  to  explain  the  nature  of  telefcopes 
with  three  eye-glafles,  in  which  the  image  is  feen 
credh 

1.  Let  the  four  glafles  A,  B,  C,  D,  fig.  7.  pi.  8, 
in  the  tube  reprefent  the  telefcope ;  the  glafs  A, 
directed  towards  the  objedt,  is  called,  as  we  have 
before  faid,  the  objedl-glafs,  the  three  others  the 
eye-glaflcs  :  the  four  glafles  are  convex. 

2.  Let  us  confidcr  the  effeft  produced  by  each 
cye-glafs,  the  object  oO  being  fuppofed  at  a  con- 
fidence diftancc.  The  objedr-glafs  will  form  an 
image  of  the  objedl  at  Pp,  it's  focus  5  the  fize  of 

this 


On  Telescopes, 


5" 


is  image  inay  be  found  from  o,  through  the  mid- 
dle of  the  glafs  A.  I  have  not  drawn  this  line, 
in  order  to  avoid  confulion  from  a  multiplicity 
thereof. 

3.  The  image  Pp  now  becomes  an  objeft, 
with  refpe<it  to  the  eye-glafs  B,  which  is  lb  placed 
that  the  interval  B  p  is  equal  to  the  focus  of  B ; 
by  this  the  fecond  image  is  tranfported  to  Qq,  and 
is  inverted,  as  well  as  the  firft  Pp  ;  it's  llze  is  de~ 
termtned  by  a  line  drawn  from  the  middle  of  the 
glafs  B,  through  p. 

4.  The  interval  A  B,  between  thefe  two  lenfes, 
is  equal  to  the  fum  of  their  fori,  forming  the 
aftronomical  telefc ope  already  explained;  the  image 
being  inverted,  and  magnified  as  many  times  as 
AP  exceeds  BP;  but  mftead  of  the  eye-glafs, 
another  lens  C  is  placed  behind  B  5  with  rcfpeCt 
to  this  lens,  the  image  Q  q  becomes  the  object, 
uhich  being  at  a  confidcrable  diftance,  the  lens  C 
forms  an  image  thereof  at  it's  focus  r. 

5.  The  image  Qq  being  inverted,  that  of 
R  r  will  be  inverted,  and  terminated  by  a  right 
line  drawn  from  q  through  the  middle  of  the  glafs 
C,  which  will  pafs  by  r;  confequently,  the  three 
lenfes  A,  B,  C,  give  the  image  of  the  objed  Oo  an 
r,  and  this  image  is  upright. 

6.  You  have  now  only  to  place  the  third  lens 
fo  that  the  interval  DR  be  equal  to  the  focus. 
By  this  the  image  will  be  again,  as  it  were,  tran- 
ferred  to  an  inhnite  diftance  Ss,  of  which  the  llze 
will  be  determined  by  a  ftrait  line  drawn  through 
the  middle  of  the  glafs  d,  and  patting  by  the  extre- 
mity of  the  image  r,  and  the  image  Ss  will  be 
feen  by  the  eye,  inltead  of  the  object  Oo. 

7.  It  is  eafy  now  to  determine  how  many  times 
a  four-glafTed  telefcope  magnifies  the  object  For 
this  purpofc,  you  have  only  to  coniider  the  lenfes 
in  pairs,  A,  B,  and  C,  D;  each  of  thefe,  taken  fe- 
parately,  being  an  aftronomical  telefcope.     The 

ftrft 
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firft  pair  of  glafles,  A  and  B,  magnify  theobjcfi 
as  many  times  as  the  focal  di fiance  of  A  exceeds 
that  of  B,  and  juft  fo  many  times  the  image  Qq 
exceeds  the  object  Oo. 

8.  Oq  being  now  confidcred  as  the  objeiS:,  is 
magnified  as  many  times  as  the  focus  of  C  exceed* 
that  of  D  s '  thefe  two  powers  added  together,  give 
the  total  magnifying  power  of  the  telefcope. 

Fig*  1 1,  pi*  4,  is  a  perfpedive  view  of  a  model 
defigncd  to  illuftratc  the  nature  of  a  four-glafo 
telefcope,  which  fhews  the  objeds  in  their  true 
pofitions;  the  rays  of  light  are  reprefented  by  filk 
firings  of  different-  colours,  fo  that  their  progreis 
is  eafily  traced  ;  ABC  the  object,  D E  the  object- 
glafs,  I  K,  M  N,  Q  R,  the  eye-glaflTes,  fo  placed 
that  the  foci  of  D  E  and  I  K  meet  in  G.  Thofe  of 
IK  and  M  N  may  meet  at  L,  and  thofe  of  MN, 
Q  R,  may  meet  in  g.  From  the  progrefs  of  the 
rays,  you  perceive  that  the  image  at  H  T  is  in- 
verted, that  the  rays  proceed  from  IK  in  a  parallel 
direction ,  c rolling  at  L,  from  whence  they  go  on 
to  M  N,  pafs  through  it,  and  are  thereby  converged 
into  a  focus,  and  form  a  fecond  image  fgh  ered, 
which  image  will  be  viewed  by  the  eye  in  the  fo- 
cus of  the  eye-glafs  Q  R.* 

Summary   Vi$w  of    the  Properties    of    t,his 

TELhSCOPE. 

The  magnifying  power  is  in  proportion  as  the 
focal  diftance  of  the  objedt-glafs  is  to  the  focus  of 
the  eye-glafs. 

It  lhews  the  objed  ered,  but  not  fo  bright  as 
in  the  telefcope  with  two  lenfes ;  becaufe  the 
other  eye-glafs  refleds  a  confiderable  quantity  of 
light  which  is  loll. 

The 


*  At  Jig.  i  «,  pL  4,  another  model  is  reprefented,  formed 
th  lenfes,  to  try  experimentally  the  places  of  the  image*. 
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The  vifible  area  depends  on  the  breadth  of 
the  eye-glafs. 

The  brightnefs  of  an  objedt  feen  through  £ 
given  telefcope,  is  greater  in  proportion  a;  the 
aperture  of  the  object-glafs  is  oreatcr. 

If  the  aperture  and  focus  of  the  objcct-glafa 
remain  the  fame,  an  objed:  appears  bright*  r  or 
fainter  according  to  the  greater  or  lefs  focal  dis- 
tance of  the  eye-glafs,  that  is,  according  to  the 
magnifying  power  ;  for  the  fame  quantity  of  light 
being  fpread  over  a  greater  or  fmaller  furfacc,  ren- 
ders the  image  obfeure  or  brighter. 

On  the  Construction  and  magnifying  Power 
'  of  Telescopes  made  with  several  Eye-Glasses. 

In  this  diagntm,  pi.  8,  fig.  1,  A  is  the  firff, 
B  the  fecond,  C  the  third,  D  the  fourth,  E  the  fifth 
eye-glafs,  and  O  the  objeft-glafs.  DA  the  axis 
of  the  telefcope  is  alfo  the  common  axis  of  all  the 
lenfes;  Im  w  an  oblique  pencil  pafling  through  the 
objedt-glafs,  and  falling  on  the  extreme  edge  of 
the  lens,  which  is  next  the  objcdl-glafs.  Ow  is 
the  axis  of  the  pencil  (reprefentcd  by  a  black  line), 
ifhewn  as  rcfradted  fucceffivcly  into  the  lines  wv, 
vt,  ts,  sr,  r«,  cutting  the  axis  of  the  telefcope 
(when  produced)  in  the  points  f,  5,  y,  /$,  a>  refpec- 
tively.  O  is  the  focus  of  this  oblique  pencil  after 
JTefratftion  at  the  objeft-glafs;  c,  d,  c,  b,  the  fuc- 
ceflivc  foci  of  this  pencil  after  refradtion  at  each  of 
the  eye-glaflcs.  From 
perpendiculars  to  the  axis 
thefe  perpend i culars,  o 
places  and  magnitudes 
real  or  imaginary  ;  real 
formed,  fo  that  it  wou 
received  upon  a  wi- 
the rays  after  rcfractic 
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from  or  tended  to  fuch  an  ima^e,,  although  t&s 
image  is  not  actually  formed.  IVben  the  image  u 
real,  the  rays  of  each  pencil  actually  come  to  a  focus. 
When  it  is  imaginary,  thefe  rays  after  refra&ioe 
diverge  from  or  converge  towards  fuch  a  focus* 
but  are  never  adhially  united. 

Although  each  lens  has  it's  image  either  ml 
or  imaginary,  yet  there  are  only  two  real  ones  ift 
the  conftrudlion  here  delineated,  the  firft  eg  ift- 
verted,  the  fecond  b  y  upright. 

When  the  number  of  real  images  is  even,  tkt 
ebjedfc  will  be  feen  upright ;  when  that  rente 
is  odd,  the  object  is  inverted.  Galileo's  telefcope,ia 
which  there  is  no  real  image,  (hews  the  object  up* 
light;;  it  cannot  therefore  be  applied  to  inlhv- 
ments  in  which  crofs  wipes  are  neceflary,  becaufc 
the  wires  cannot  be  fo  placed  as  to  be  feen  dif- 
tindty  together  with  the  objedh 

AR  that  is  eflencial  to  the  conftruftion  of  tc- 
lefcopes  is,  only  that  the  rays  of  the  fame  pencil* 
which  enter  parallel,  fhould  likewife  emerge  pa- 
rallel, for  the  objedfc  will  in  that  cafe  be  feen  dit 
tin&ly  ;  the  intervals  and  focal  lengths  therefoit 
of  all  she  lenfes,  except  one,  may  be  affumed  at 
pleafure^from  whence  that  one  mult  be  determined 
This  aflertion  of  mod  writers  on  optics  is  true,  if 
nothing  elfe  be  attended  to  but  the  courfc  of  a  far 
rays  coming  from  a  fingie  point  in  the  axis  of  the 
telefcope>  and  it  be  only  required  that  the  middle 
of  the  objedt  be  feen  diftindtty  ;  but  the  cafe  is  very 
different,  if  it  be  required  that  all  parts  of  the  ob* 
je£t  Ihould  be  feen  as  far  as  may  be  equally  dit 
tincft,.  for  then  the  aberration  of  the  extreme  pen- 
cil in  pafling  through  the  eye-glafles  muft  be  taken 
into  confideration  ;  and  the  number,  place*  and 
focal  lengths  of  the  eye-gklTcs,  muft  be  fuch  as 
may  lcffen  at  leafl,.  if  not  remove  thefe  aberra- 
tions. 

* 
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It  may  be  obfervcd,  that  generally  in  any 
fingle  lens,  the  greater  the  focal  length,  and  the 
lefs  the  aperture,  the  lefs  will  be  the  aberration  of 
the  refra&ed  rays.  That  conftrudion  is  then  for© 
-{ceteris  paribus)  the  bed,  in  which  the  eye-glafles 
have  large  focal  diftances  and  fmall  apertures ; 
thofe  efpecially  that  are  concerned  in  forming  the 
lift  image.  As  to  the  fingle  lens  by  which  the 
laft  image  is  viewed,  it  may  be  allowed  to  have  a 
ihort  focal  length,  particularly  if  it's  aperture 
nay  be  contracted ;  for  though  this  lens  magnifies 
the  faults  already  made  in  the  laft  image  by  the 
other  glafs,  it  does  not  create  new  faults. 

Among  the  various  forts  of  telefcopes  made 
-with  convex  lenfes,  and  deligned  to  (hew  the  ob<» 
ft£t  upright,  thofe  with  four  or  five  glafles  are 
preferable  to  thofe  with  fewer.  The  fewer  lenfes 
there  are  in  the  eye-tube,  the  greater  muft  be  the 
refra&ion  of  the  extreme  pencils  at  each  lens,  fup- 
poling  the  fum  of  all  the  refractions,  or  the  whole 
change  in  the  direction  of  the  pencils,  to  be  the 
fame.  Now  though  the  number  of  refraftions  is 
increafed,  yet  if  the  quantity  of  each  refraction  be 
proportionably  diminifhed,  the  fum  of  all  the 
aberrations  in  thefe  pencils  will  be  greatly  lef- 
iened ;  and  the  lofs  of  light,  by  paffing  through 
more  glafles,  will  be  very  inconfiderable. 

*  Agreeable  to  this  principle,  it  is  found,  that  an 
objedt  feen  through  two  double  convex  lenfes, 
both  of  a  fize,  and  put  clofe  together,  appears 
diftindter  near  the  edges  of  thofe  lenfes,  than  if 
ieen  through  one  lens  whofe  focal  length  is  equal 
to  that  ot  the  other  two  fo  combined  together: 
likewife  two  equal  plano-convex  lenfes  ihew  an 
object  diftin&er  at  their  edges  when  combined 
•with  their  convex  fides  touching  each  other,  thai* 
contrariwife.  Thus  then  the  aberrations  from  the 
figure  of  the  eye-glafles  jmy  bt  lafliMiL  by  ia- 
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creating  the  number  and  diminifhing  the  quantity 
of  the  icveral  refractions. 

The  lens  E,  which  intercepts  the  rays  before 
the  firft  image  is  formed,  diminifhes  the  magnify- 
ing power,  but  improves  the  diftindtnefs  of  the 
t&lefcope,  by  leffening  the  diameter  of  the  aper- 
tures of  the  deep  lenfes  D  and  C.     The  extreme 
•  pencil  O  W,  which  diverges  from   O,  being  re- 
fradted  by  this  lens  into  W  V,  is  made  to  converge 
towards  the  axis  of  the  telefcope,  fo  that  if  pro- 
duced it  would  meet  at  e.     By  this  means  thefc- 
midiametcr  of  the  lens  D  is    reduced   to  DV, 
whereas  if  the  firft  real  image  had  been  formed  at 
:Ox  by  the  objeft-glafs  only  (the  extreme  pendl 
X)o  in  that  cafe  continuing  to  diverge),  the  femi- 
diamcter  DV  muft  have  been  greater  than  the 
image  Ox,  to  take  in  the  fame  field. 
;         The  rays  belonging  to  this  and  every  other 
pencil  which  diverge  from  eg,  the  firft  real  image 
muft  be  made  to  converge  again  by  the  two  lenfes 
D  and  C,  that  a  fecond  real  image  may  be  formed 
upright.     Two  lenfes  are  employed  for  this  pur- 
pofe,  becaufc  the  errors  in  the  fecond   image  will 
be  leflened  by  their  contrary  refractions ;  fuppof- 
ing  therefore  their  convexities  equal,  and  that  the 
.rays  of  this  pencil  (refracted  into  \t)   go  parallel 
or  nearly  fo  between  the  lenfes  D  and  C,  then  it  is 
evident,  that  the  focal  length  of  D  muft  be  equal  to 
the  diftance  e  v  (=g  D),  or  nearly  fo ;  therefore  the 
lenfes  D  and  C,  having  a  fhorter  focal  length,  will 
by  no  means  admit  of  an  aperture,  whofe  femi- 
diameter  is  greater  than  o  x.     It  may   be   further 
obferved,  that  this  pencil,  which  at  firft  diverged 
from  the  axis  of  the  telefcope,  in  the  angle  wOE 
and  vjD,  by  the  interposition  of  the  lens  E,  this 
change  is  made  at  two  refra&ions  (at  w  and  vj» 
which  muft  otherwife  have  been  made  by  thf*l*f 
^action  of  ihe  lens  D  only. 
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In  like  manner,  the  other  lens  B,  which  inter- 
cepts the  rays  juft  before  the  fecond  real  image  is 
formed,  diminilhes  indeed  the  magnifying  powcr^ 
but  makes  the  telefcope  more  diftindt.  The  ex- 
treme pencil  we  have  been  coniidering,  after  re- 
fradtion  at  t  by  the  lens  c,  diverges  from  the  axis 
of  the  telefcope,  proceeding  as  if  it  came  from  the 
point  y ;  but  being  refracted  by  the  lens  B  into  sr, 
is  made  to  converge,  fo  that  if  produced  it  would 
meet  the  axis,  of  the  telefcope  in  3.  This  leflens 
the  laft  image,  reducing  it  from  c  z  to  by ;  and  as 
it  is  this  image  which  is  viewed  by  the  eye  through 
the  eye-glafs  A,  the  interpofition  of  the  lens  B 
leflens  the  magnifying  power,  the  eye-glafs  A  re- 
maining the  fame.  The  extreme  pencil  Sv  thus 
converging  upon  the  eye-glafs  A,  the  femidiameter 
of  this  glafs  will  be  reduced  to  A  r ;  whereas,  had 
the  lens  B  not  been  intcrpofed,  (the  extreme  pen- 
cil tsc  continuing  to  diverge  from  y)  the  femi- 
diameter of  this  eye-glafs  muft  have  been  greater 
than  the  image  c  z,  to  take  in  the  whole  field.  As 
a  fmall  aperture  of  the  eye-glafs  A  is  fufficicnt  to 
take  in  the  whole  field  when  the  pencils  thus  fall 
upon  it  converging,  this  lens  may  be  allowed  to 
have  a  fhorter  focal  length,  and  thus  compenfate 
for  the  lofs  of  magnifying  power  by  the  interpofi- 
tion of  the  lens  B,  w  ithout  increafing  the  aberra- 
tion of  the  extreme  pencils. 

You  may  prove  this  experimentally  by  taking 
out  the  fecond  cyc-glafs,  then  drawing  out  the  tube 
to  make  the  telefcope  diftindt  again,  and  you  will 
find  the  magnifying  power  incrcafed,  the  field  di- 
minifhed,  and  perhaps  indiftindt  near  the  edges. 


■ 
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we  have  already  explained.  Thus  you  know  that 
a  ray  of  light,  refracted  by  parting  through  medium 
of  different  dentines*  is  at  the  ftme  time  propor- 
tionally divided  or  fpread  into  a  number  of  put* 
called  homogeneal  rays,  each  being  the  exciting 
caufe  of  a  different  colour ;  and  that  thefe  xayf 
after  rcfratfion  proceed  diverging. 

That  a  ray  of  light  palling  obliquely  fromi 
rarer  into  a  denfer  medium,  is  refracted  tovank 
the  perpendicular ;  but  when  it  pxaflcs  from  I 
denfer  into  a  rarer  medium*  it  is  refradted  fro* 
the  perpendicular. 

That  when  a  ray  of  light  is  refradted  out  of 
air  into  a  given  medium,  or  out  of  a  given  medium 
into  the  air,  the  lines  of  the  angles  of  incidence 
and  refraction  arc  in  a  conftant  ratio. 

But  light  confifting  of  parts  which  are  differ- 
ently refrangible,  each  part  of  an  original  or  com- 
pound ray  has  a  ratio  peculiar  to  itielf ;  and  that 
the  more  the  heterogene  ray  is  refradled,  the  more 
will  the  colour-making  rays  diverge,  as  the  fines  of 
the  hemogene  rays  are  conftant,  and  equal  refrac- 
tion produces  equal  divergencies. 

from  hence  you  have  alfo  been  (hewn,  that 
the  rav  s  w  hen  palling  through  a  convex  lens,  in- 
ftead  of  uniting  in  one  focus,  form  as  many  foci  of 
different  diftances,  as  there  are  coloured  rays ;  and 
that  the  prilmatic  colours  or  irifes,  which  appear 
towards  the  borders  of  convex  lenles,  render  the 
images  confufed. 

The  indiftindnefs  of  vifion  produced  by  this 
caufe,  which  is  fenfible  in  telekopes  of  a  AnaD 
aperture,  increafes  into  fo  high  a  ratio  upon  enlarg- 
ing the  aperture,  namely,  as  the  cubes  of  the  dia- 
meters, that  unlefs  this  confulion  of  colours  mas 
corrected,  it  would  be  impoflible  to  increafe  great- 
ly ir.f  po\  er  of  refra&ing  telefcopes,  without  ex- 
tending their  length  to  a  very  inconvenient  foe. 

It 
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It  was  known  before  Mr.  Dollond's,  that  dif- 
ferent tranfparent  bodies  poflcfled  fome  a  greater 
and  Tome  a  ieis  Tefra&ive  power  ;  and  it  was  taken 
for  granted,  until  he  evinced  to  the  contrary,  that 
{he  difperfive  power  of  the  coloured  ray  was  in 
4very  tranfparent  body  proportional  to  it's  mean 
ftefra&ive  power  ;  or  in  other  words,  that  the  rc- 
In&ion  of  the  coloured  rays,  whatever  body  they 
pafled  through,  were  always  in  a  conftant  dieter* 
initiate  ratio  to  each  other.  Confequently,  if  the 
difperfion  produced  by  a  convex  lens*  were  coun- 
teracted by  another  lens  or  medium  of  a  concave 
form,  that  the  refraftion  would  alfo  be  totally  de- 
stroyed; and  that  this  would  be  the  event,  if  the 
-two  lenfes  were  even  made  of  the  fame  matter. 
Upon  this  fuppofition,  it  was  impoffible  ever  to 
correct  this  fault  in  dioptric  telefcopes. 

While  opticians  continued  to  think,  that  equal 
rcfra&ions  would,  in  every  fort  of  medium,  ncccf- 
farily  produce  equal  divergencies,  and  that  confe- 
quently equal  and  contrary  refradtions  would  de- 
stroy each  other,  and  that  the  divergency  of  colour 
from  one  refra&ion  would  be  corrected  by  the 
other,  there  could  be  no  poflibility  of  producing 
any  rcfradion  that  would  not  be  affected  by  the 
different  refrangibifity  of  light.  For,  however  a 
ray  of  light  might  be  rcfradtcd  backwards  and 
forwards  by  different  media,  provided  it  was  {0 
done  that  the  emerging  ray  was  parallel  to  the  in- 
cident one,  it  would  always  be  white  or  colourlefs; 
but  if  it  came  out  inclined  to  the  incident  ray,  ic 
would  diverge  and  be  ever  after  coloui 

This  erroneous  fuppoiition  was  cc 
by  an  experiment  of  Sir  1.  Newton*  of  | 
prifms,  one  njade  1 
matic    veflel,  fil" 
that  the  rays  of  I 
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prifm  of  glafs  fhould  pafs  through  and  be  re- 
fraded  in  a  contrary  dircdion,  and  in  as  great  i 
degree  by  the  water  prifm  ;  by  which  means  he 
relates,  that  light  thus  rcflored  to  it's  original  di- 
rection was  white  and  free  from  colours. 

"  In  the  year  1757,  Mr.  J°^n  Dollond  re- 
peated this  famous  experiment  of  Newton,  of  re- 
frading  a  ray  of  light  through  prifms  of  glafs  and 
'water,  placed  with  their  rcfrading  angles  inoppo- 
fite  diredions,  and  fo  proportioned  to  each  other 
that  the  ray  after  thefe  oppofite  refradions  emer- 
ged parallel  to  the  incident  ray.  According  to 
the  Newtonian  dodrine,  there  ought  here  to  have 
been  no  divergency  of  the  heterogeneal  rays,  and 
no  colour  produced  by  thefe  equal  and  oppoiite  re- 
fradions. 

But  this  Tvas  not  the  rcfult  of  the  experiments 
the  ray  was  very  fenfibly  coloured.  Mr.  Dollond, 
finding  that  oppoiite  refradions  produce  colour 
notwithftanding  the  parallelifm  of  the  incident 
and  emergent  ray,  concludes,  that  by  properly  ad- 
jufting  the  angles,  he  might  effed  an  inclination 
of  the  refraded  to  the  incident  light,  without 
any  colour  or  divergency.  Experiment  proved  his 
reafoning  to  be  juih  i 

It  may  be  proper  to  obferve  here,  that  thofe 
media  are  faid  to  have  the  fame  mean  refrafiiu 
dcnfity>  which,  under  equal  obliquities  of  incidence, 
equally  refrad  the  mean  refrangible  ray  ;  and 
two  media  are  faid  to  have  the  fame  difperfree 
power,  which  produce  an  equal  inclination  of  rays 
of  the  fame  colour  to  the  mean  refrangible  ray, 
when  the  whole  rcfradion  of  the  mean  refrangible 
ray  is  equal  in  both. 

Let  ibe  vertex  of  a  flint  glafs  prifm,  the  re- 
f ratling  angle  rfiehieh  is  equal  to  23°*jO',  be  applied 
'io  the  lafe   cf  a  crown  glafs  prifm ,  the  refracting 

airjU 
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angie  of  which  is  equal  to  250  ;  a  ray  of  felar  light 
•'will  pafs  through  the  prifms  zvhen  their  furfaces  are 
Contiguous,  but  the  emergent  ray  zvill  be  coloured.  * 

The  ray  is  fuppofed  to  fall  perpendicularly 
upon  the  furfacc  of  the  prifm,  whofe  refradring 
angle  is  the  greateft. 

The  polirion  of  the  prifms  in  this  experiment 
is  fuch,  that  the  effects  of  refraction  upon  the  pa- 
rallelifm  of  the  homogeneal  rays  palling  through 
them  are  contrary  to  each  other,  and  confequently 
if  they  were  equal  the  rays  would  emerge  parallel. 
But  the  flint  prifm,  by  it's  greater  difllpating 
power,  more  than  countera&s  the  feparation  of  the 
rays  caufed  by  their  paflage  through  the  firft 
prifm,  which  was  equal  384.  minutes;  and  in- 
verting the  order  of  the  colours,  caufes  the  red 
and  violet  rays  to  emerge,  inclined  to  each  other 
at  an  angle  of  12  £  minutes,  fuflkiently  great  to 
produce  a  fenfible  tinge  of  the  prifmatic  colours 
in  the  emergent  rays. 

Every  thing  remaining  as  in  the  lajl  experi- 
ment, let  the  vertex  of  a  crown  glafs  prifm,  the  re- 
f  railing  angle  of  which  is  1  o°,  be  applied  to  the  bafe 
of  the  flint  prifm.  If  a  ray  of  folar  light  pajfes 
through  the  three  prifms,  when  their  furfaces  are 
contiguous,  the  emergent  ray  will  deviate  about 
5°  37'  from  the  courfe  of  the  incident  ray,  but  will  be 
colour lefs. 

In  this  cafe  the  two  crown  glafs  prifms  re- 
fracting the  ray  in  the  fame  direction,  caufe  it  to 
deviate  from  the  coftrfe  of  the  incident  ray  about 
50  37'  more- than  the  deviation  in  the  contrary  di- 
rection arifing  from  refradion  through  a  flint  prifm. 

But  the  flint  prifm,  by  it's  greater  diffipating 
power*  exaftly  counteracts  the  feparation  of  the 
j-ays  caufed  by  refradion   through  the   other  two 

prifms, 
*  Atvvood's  Analyfis  of  a  Courfe  of  Letturcs,  p.  164,  165. 
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prifms,  fo  that  the  homogeneai  ray*  emeigt  at 
Jength  parallel,  and  of  courie  coiourleft* 

.Now  this  was  what  was  wanted ;  for  you  have 
fecn,  that  the  difficulty  which  chiefly  impeded  the 
improvement  of  telefcopes  was,  fo  to  setnft  a  ray 
while  it  deviated  confiderably  from  it's  original 
courfe,  that  the  difperfion  of  the  homogeneai  rays 
might  be  counteracted,  and  that  by  this  maun 
they  might  sill  emerge  parallel,  and  of  couife  fret 
from  colour ;  and  this  is,  you  perceive,  effafted  by 
a  combination  of  tranfparent  fubftances,  the  re- 
fradting  and  diflipating  powers  of  which  are  dif- 
ferent. 

In  (his  experiment  the  rays  of  mean  rcfraagi- 
bility  emerge  at  an  angle  of  refra&ion  equal  f* 
16-  57*.  ^ 

If  a  folar  ray  impinged  upon  the  furface  of 
the  prifm  laft  applied  at  an  angle  of  incidence 
equal  to  i6°  57',  the  angle  of  diffipation  after 
emergence  into  air  would  be  equal  12  i°. 

But  it  was  (hewn  in  the  former  experiment, 
that  the  diffipation  of  the  rays  emerging  from  the 
two  prifms  was  equal  12  },  for  which  reafon  (and 
oa  account  of  the  contrary  pofition  of  the  prifms) 
the  red  and  violet  rays  emerging,  inclined  to  each 
other  at  an  angle  of  1 2  i  from  the  two  prifms,  and 
falling  upon  the  third  will  be  refra&ed  out  of  it 
colourlefs. 

It  appears  then  that  two  kinds  of  glafs  are 
necefiary  for  achromatic  telefcopes,  one  of  which 
fhall  poiTefc  as  fmall,  and  the  other  as  g*eat  dif- 
perfive  powers,  relatively  to  their  mean  icfm&ing 
ray,  as  can  be  procured. 

The  difference  of  glafs  in  this  refped  depends 
on  the  quality  of  the  ingredients  employed  in  their 
compofition. 

Crown-glafs>  which  is  compofed  of  fand,  mel- 
ted 
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ted.by  means  of  the  a(hes  of  £ea-weeds,  barilla,  or 
kelp,  both  which  fluxes  are  known  to  conlift  of  ve- 
getable earth,  alkali,  and  neutral  falts,  is  found  to 
give  fhe  fmalleft  difperfive  power. 

Platc-glafs,  which  is  compofed  of  fand  melted 
by  means  of  fixed  alkali,  with  little  or  no  vegeta- 
te earth,  gives  a  greater  difperfive  power. 

The  difperfive  power  of  flint-glafs  is  much 
greater  than  either  of  the  other,  and  this  confifia 
of  fand  melted  by  a  mixture  of  minium  and  fixed 
alkali.  It  is  probable  therefore,  that  minium  and 
other  metallic  calces  give  the  greateft  difperfive 
power,  and  that  alkalis  give  more  than  vegetable, 
and  probably  other  earths. 

Let  a  crown~glafs  prifm%  whofe  refraQing  angle 
is  30%  be  applied  contiguous  to  a  prifm  of  flint-glafs, 
wbofe  refra&ing  angle  is  1 90 ;  with  the  vertices  of 
the  prifms  in  oppofite  direttions,  a  folar  ray  being 
rcfratted  through  them  will  deviate  from  the  courfe 
of  the  incident  ray%  but  will  not  befeparated  into  the 
coloured  rays. 

Here  it  appears,  that  the  two  prifms  operate 
equally  upon  the  parallelifm  of  the  homogeneal 
rays  pafling  through  them,  and  that  as  thefe  ef- 
fects by  the  pofition  of  the  prifms  tend  to  corrc& 
each  other,  the  homogeneal  rays,  after  being  re- 
fracted through  them,  emerge  parallel  and  -colour- 
lefc. 

Mr.  Dollond  next  confidered,  that  as  a  ray- 
might  be  refra&ed  free  from  colour  through  a 
wedge,  it  might  alfo  through  a  lens.  When  an 
jimage  of  an  obje&  is  formed  by  a  convex  lens,  it 
appears  coloured,  owing  to  the  difperfion  of  the 
rays  by  refcaQion  v  as  therefore  rays  can  be  re- 
fracted without  difperfion  by  prifms,  he  conceived 
that  it  might  alfo  be  done  by  a  combination  of 
lenfes.     And  in  this  he  fucceeded,  by  confidering, 

that 
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that  in  order  to  make  two  fpherical  glafles  that 
ihould  refradt  the  light  in  contrary  dire&ions,  as 
in  the  two  wedges,  one  muft  be  concave  and  the 
other  convex  ;  and  as  the  rays  are  to  converge  to 
a  real  focus,  the  excefs  of  refra&ion  muft  be  in 
the  convex  lens,  b^caufe  that  makes  rays  converge, 
and  the  concave  makes  them  diverge.  Alfo,  as 
the  convex  lens  is  to  refracft  mod,  it  muft  be  made 
of  crown-glafs,  as  appeared  from  the  experiments 
with  the  wedges,  and  the  concave  lens  of  white 
flint-glafs.  Farther,  as  theangle  of  difperfion  varies 
inverfely  as  the  focal  length,  very  nearly,  from  the 
principles  of  optics,  and  the  angle  of  difperfion 
alfo  varies  as  the  difperfing  powers,  therefore  if  the 
focal  lengths  be  taken  inverfely  as  the  difperfing 
powers,  found  from  the  two  wedges,  the  angles  of 
difperfion  will  be  equal,  and  being  in  contrary  di- 
rc&ions  they  will  corred  each  other,  and  the  dif- 
ferent refrangibility  of  light  will  be  removed. 

Upon  this  principle,  Mr.  Dollond  was  ena- 
bled to  make  a  combined  lens  to  form  an  image 
free  from  colour,  and  therefore  brought  to  perfec- 
tion the  refradting  telefcope,  making  it  reprefent 
objects  with  great  diftindnefs,  and  in  their  true 
colours.  Inrtead  of  forming  the  objed:-glafs  with 
one  convex  lens  of  crown  and  one  of  flint-glafs, 
two  convex  lenfes  of  crown  arc  ufed,  and  the  con- 
cave one  of  flint  put  between  them.  This  con- 
ftru&ion  of  the  objcct-glafs  tends  alfo  to  correct 
the  error  ariling  from  the  fpherical  form  of  the 
lens;  for  as  the  rays  at  the  edge  of  the  convex 
lens  tend  to  a  focus  nearer  to  the  lens  than  thofe 
at  the  middle,  the  concave  lens,  which  makes  the 
rays  at  the  edge  diverge  more  than  thofe  at  the 
middle,  will  counteract  the  above  effect,  and  bring 
the  rays  at  all  diftanccs  from  the  center  of  the 
lens  to  a  focus  more  nearly   together  ;    and  by  a 

proper 
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proper  adjuftment  of  the  foci,  the  diffufion  of  rays 
at  the  focus  may  be  rendered  inconfiderable*.  Te- 
lefcopes  thus  conftrufted  are  called  achromatic. 

This  difcovery  of  Mr.  Dollond  was  fo  exT 
traordinary,  and  fo  contrary  to  the  bell  eftablifhed 
principles,  that  it  was  not  believed  at  firft  by  Mr. 
Euler.  At  length,  however,  Mr.  Zicher,  of  Pe- 
terfburg,  made  experiments  fimilar  to  thofe  of 
Mr.  Dollond,  and  convinced  Mr.  Euler  that  it  was 
true.  He  alfo  fhewed,  that  it  is  the  lead  which  is 
ufed  in  fome  compofitions  of  glafs,  w'hich  pro- 
duces the  extraordinary  property  df  augmenting 
the  difperfion  of.thc  extreme  rays,  without  fenfibly 
changing  the  refradtion  of  the  mean. 

Mr.  Euler,  in  £.  paper  read  at  the  academy  of 
fciences  at  Berlin  in  '1764,  was  candid  cnbugh  t& 
own  he  did  not  at  firft. ^fedit  the  account,  and 
thereby  gave  to  Mr.  DoIlqnd  the  credit  of  the 
difcovery.  Notwitljltandipg  this,  Mr.  Delaland 
in  his  aftronomy,  and  Mr.  Fiefs  in  hi)  eulogy  ont 
Mr.  Euler,  both  afctibe^  the  iaventioh  to  Mr. 
Euler.  Mr.  P.  Dolioiid  has  however  fully  proved, 
that  the  difcovery  muft  be  attributed  to  Mr.  John 
Dollond.* 

In  the  fame  pamphlet  Mr.  Dollond  has  (hewn 
the  rcafons  which  prevented  Newton  from  drawing 
the  fame  conclulions  ;  that  it  arofc  from  the  kind 
of  glafs  he  made  ufe  of,  fo  that  his  veracity  remains 
unimpcached,  and  the  experiments,  when,  made 
with  the  fame  kind  of  glafs,  exadtly  correfpond 
with  thofe  of  Sir  I.  Newton.  In  his  time  the 
Engiiih  were  not  famous  for  making  tel dcopes, 
many  were  'imported  from  Venice.  The  glafs 
imported  from  this  place  was  nearly  of  the  fame 
refractive  quality  as  our  crown-glafs,  but  of  a  bet- 
ter 

*  "  Some  acco'int  r.f  the  difcovery  by  the  late  Mr.  John 
Dollond,  which  led  for  v  ;.-at  improvement  of  refracting  trie- 
fcopes,"  by  Mr.  P.  Djll.i.n. 


f}6      LtCTURES    OK    NaTURAL    FffllOSOPHY, 

ter  colour-  tt  is  probable  that  Newton's  f 
were  made  of  that  glafs,  becaufc  he  mentions  the 
fpecific  gravity  of  common  glafs  to  be  to  water  sb 
2,58  to  i,  which  anfwers  nearly  to  that  of  crowH- 
glafs,  Mr*  Dollotid  made  a  prifm  of  a  piece  of 
this  glafs,  and  trying  the  experiment  with  it,  found 
it  anfwered  very  nearly  to  what  Newton  relates; 
the  difference  being  only  fuch  as  may  be  fuppofed 
to  arife  from  the  fame  kind  of  glafs  made  at  dif- 
ferent times. 

Of  Reflecting  Telescopes. 

Sir  John  Pringle,  in  his  difeourft  to  the  Royal 
Society  on  the  reflecting  telefcope,  attributes  the 
firft:  thought  thereof  to  Merfcnnus,  who  propofed 
Defcartes  a  telefc&pfe  with  Jptcula>  many  yean 
before  Gregory's  inwririort ;  though  indeed  in  1 
manner  lb  very  unfktfcfaftory,  that  Defcartes,  mbo 
had  given  particular  attention  to  the  improvement 
of  the  tidrieope,  was  fo  far  from  approving  the 
ropofel,  that  he  endeavoured  to  convince  Mcr* 
iennua  of  the  fallacy. 

Gregory  was  led  to  the  invention  by  feekingto 
correct  two  imperfe&iom  of  the  common  tele- 
fcope  i  the  firft  was,  it's  too  great  length,  v 
made  it  lefs  manageable;  the  fecond  the  incorrctt- 
nefs  of  the  image.  It  had  been  demonftrated  that 
a  pencil  of  rays  could  not  be  collected  in  a  finglc 
point  by  a  fpherical  lens,  and  alfo  that  the  image 
tranfmitted  by  fuch  a  lens  would  be  in  fomc  de- 
gree incurvated. 

Thefe  inconveniences  he  believed  would  be 
obviated  by  fubftituting  for  the  objedi-glafs  a  me- 
tallic fpeculum  of  a  parabolic  figure,  to  receive 
the  image,  and  to  reflcft  it  towards  a  fmall  fpecu- 
lum of  the  fame  metal;  this  again  was  to  return 
the  image  to  an  eye-glafs  placed  behind  the  great 

fpeculum, 
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(peculum,  which,  for  that  purpofc,  was  to  be  per- 
forated in  it's  center. 

But  as  Gregory  was  endowed  with  no  mecha- 
akal  dexterity,  nor  could  find  any  workman  capa- 
ble of  realizing  his  invention,  after  fome  fruitlef$ 
attempts  he  gave  op  the  purfuit.  And,  probably 
had  not  fome  new  difcoveries  been  made  in  light 
and  colours,  a  refle&ing  telefcope  would  never 
more  have  been  thought  of,  confidering  the  diffi- 
culty of  the  execution,  and  the  fmall  advantages 
that  could  accrue  from  it,  deducible  from  the  prin- 
ciples of  optics  that  were  then  known. 

But  Newton,  whofe  happy  genius  for  experi- 
mental knowledge  was  equal  to  that  for  geometry, 
and  who.  to  thefe  talents,  in  a  fupreme  degree, 
joined  patience  and  mcchanicalabiliues,  happily 
interpofed  and  faved  this  nqblc  inven^on-from  well 
migh  perilhing  in  it's  infant  ffctel     .   -   -~ 

While  he  was  employed  in  endeavouring  to 
grind  lenfes  of  the  figure  of  one  of  the  conic  fec- 
tions,  he  happened  to  examine  the  colours  formed 
by  a  prifm,  and  having  by  means  of  that  fimple  in- 
ftrument  made  the  ever  memoratrle  difcovety  of  the 
different  refrangibility  of  the  rays  of  light  %jfc  then 
perceived  that  the  errors  of  telefcopes  arifing  front 
that  circumftance  alone,  were  fome  hundred  times 
greater  than  fuch  as  were  occafioofd  by  the  fphe- 
rical  figure  of  lenfes.  This  forced  Newton  as  it 
were  to  fall  into  Gregory's  track,  and  to  turn  his 
thought  to  refle&ors.  If  Newton  was  not  the  firft 
inventor  of  the  rcfiedtkig  telefcope,  he*  was  the 
main  and  effectual  inventor. 

It  was  towards  the  end  of  1668,  or  the  begin- 
ning of  the  following  year,  that  Newton  being  thus 
obliged  to  have  recourfe  to  refle&ors*  and  not  rely- 
ing on  any  artificer  for  nfeking  his  fpccula,  fct 
*bout  the  work  himfelf,  and  early  in  the  year  1673 
completed  two  fmall  reflating  telefcopes.;  one  of 

thefe 
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thefe  he  prefented  to  the  Royal  Society,  communis 
/  eating  at  the  fame  time  a  full  and  fatisfadtory  ac- 
count of  it's  conftrudion  and  performance,  and 
received  from  them  fuch  thanks  as  were  due  for  fo 
curious  and  valuable  a  prefent. 

But  how  excellent  foever  the  contrivance  was, 
how  well  foever  fupported  and  announced  to  the 
public,  yet,  whether  it  was  that  the  artifts  were 
deterred  by  the  difficulty  and  labour  of  the  work, 
or  that  the  difcovcrics  even  of  a  Newton  were  not 
to  be  exempted  from  the  general  fatality  attending 
great  and  ufeful  inventions,  the  miking  a  Jlozv  and 
vexatious  proprefs  to  the  anthors  ;  the  fact  is,  that 
excepting  an  unfuccefsful  attempt  which  the  Royal 
Society  made  by  employing  an  artificer  to  imitate 
the  Newtonian  conltrudtion,  and  a  difguifed  Gre- 
gorian telefcope,  fet  up  by  Caffegrain  abroad,  as  a 
rival  to  Nezvion's,  and  that  in  theory  only  (for  it 
was  never  put  in  execution  by  the  author)  no 
refledtor  was  heard  of  for  near  half  a  century  after. 
But  when  that  period  wasclapfed,  a  reflecting  tele- 
fcope was  produced  to  the  world  of  the  Newto- 
nian conliruftion,  which  the  venerable  author,  ere 
yet  he  had  finifhed  his  much  diftinguiihed  courfe, 
had  the  fatisfadion  to  find  executed  in  fuch  a  man- 
ner,,as  to  leave  no  room  to  fear  that  the  invention 
would  longer  continue  in  obfeurity. 

This  memorable  event  was  owing  to  the  dex- 
terity, the  genius,  and  application  of  fvlr.  Hadley, 
the  inventor  of  the  rctic&ing  quadrant,  another 
molt  valuable  inftrument.  The  two  telefcopes 
which  Newton  had  made,  were  but  6  inches  long, 
and  in  power  were  compared  to  a  6  feet  refractor. 
Hadley 's  telefcope  was  above  6  feet  long,  and 
equalled  in  performance  the  famous  aerial  tele- 
fcope of  Huvgens,  of  123  feet  in  length.* 

It 

*  Sir  John  Pringlc's  Difcourfcs.  p.  206,  &c. 
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It  may  be  worth  obferving,  that  Sir  I.  Newton 

■  fent  his  telefcope  to  the  Royal  Society  while  his 

■  election  into  the  fociety  was  depending,  and  he 
concludes  with  faying,  "  that  if  he  fliould  be  electedi 
he  would  endeavour  to  teftify  his  gratitude  by  corri- 
tounicating  what  his  poor  and  folitary  endeavours 
c6uld  efFedt,  toward  promoting  their  philofophical 
defign."  Such  was  the  modefty  of  the  man,  who 
was  the  glory  of  the  fociety,  of  the  nation,  of  the 
world. 

Or  the  Gregorian  Reflecting  Telescope. 

The  Gregorian  refledtor  confifts  of  two  con-^ 
tavc  mirrors,  and  two  plano-convex  lenfes  for  the 
eye-glafles. 

TTTT,^-.  ijpl.  t>  is  a  cylindrical  tube  ;  at 
the  bottom  of  this  a  concave  metallic  refledor 
or  mirror  D  U  V  F  is  placed  j  this  reflector  has  a 
hole  in  the  middle. 

Towards  the  other  end  a  fmall  concave  mir- 
ror L  is  placed ;  this  is  fupported  on  an  arm  M, 
which  may  be  moved  nearer  to,  or  farther  from  the 
great  fpeculum,  at  plcafurc. 

Thefe  two  mirrors  are  placed  parallel  to  each 
other ;  the  fmall  one  is  generally  fomewhat  larger 
than  the  hole  in  the  great  mirror. 

At  the  bottom  of  the  cylindrical  tube,  andjuft 
oppofite  to  the  perforation  in  the  large  mirror,  is 
a  fmall  brafs  tube  ctfrSe,  containing  the  two  eye-* 
glaffes  ;  at  the  further  end  of  this  tube  is  a  xcry 
fmall  hole,  to  which  the  eye  is  to  be  applied. 

The  conftru&ion  being  underftood,  we  may 
proceed  to  explain  the  optical  effld  of  this  inftru-s 
menr. 

1.  The  open  end  of  the  cylindrical  tube  being 
fet  diretfly  towards  the  object*:,  which  being  fup- 

Vol.  If.  Mm  pofed 
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pofcd  to  be  diftant,  the  rays  proceeding  therefrom 
may  be  confidercd  as  parallel  to  each  other;  and 
being  reflected  back  by  the  large  concave  fpecu- 
Ium,  they  will  form  an  image  of  the  objc 
focus,  which,  from  the  figure,  is  evident  will  be 
inverted. 

Let  C  reprefent  all  the  rays  proceeding  from 
the  point  B  of  the  objedt,  and  E  the  pencil  of  ays 
proceeding  from  the  point  A. 

The  rays  C  falling  parallel  upon  the 
mirror,  will  be  thence  reflected*  and  converge  m 
the  direction  D  G ;  and  by  crofling  at  I,  the  prin- 
cipal focus  of  the  mirror,  they  w  ill  form  the  up- 
per extremity  of  the  inverted  image  I  Kt  limiUr  to 
the  lower  extremity  B  of  the  object  A  B* 

In  like  manner,  the  rays  E,  which  come  from 
the  top  of  the  obje<5t,  and  fall  upon  the  great 
mirror  at  F,  are  thence  reflected  converging  to 
it's  focus,  where  they  form  the  lower  extremity  K 
of  the  inverted  image  IK,  iimilar  to  the  upper  ex- 
tremity A  of  the  objeft  A  B. 

The  rays  from  thefe  two  pencils  pafk  on 
from  I  and  K  to  the  fmall  mirror  L,  the  ray* 
from  F  falling  upon  it  at  h  ;  thofe  from  D  fal- 
ling upon  it  at  g,  from  which  points  they  are  again 
refle&ed, 

2.  The  focus  of  the  fmall  fpeculum  is  at  n,  a 
little  beyond  the  place  where  the  image  is  formal 
by  the  great  fpeculum. 

If  the  focus  of  this  mirror  fell  precifcly 
where  the  image  from  the  other  is  formed,  the  i 
would  be  reflected  parallel  therefrom  ;  but 
fomewhat   beyond  or  longer   than  that   dii 
they  are  reflected  converging  in  the  diredion  gN. 

3.  The  converging  pencil  of  rays  g  N,  pro- 
ceeding from  the  point  a,  and  reflected  by  t&* 
fmall  minor,  would  coincide  beyond  the  tc* 
lefcope  if  thry   were  not  refradtcd  by   the  I 
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glaffes.     It  is  the  feme  with  the  other  converging 
pencil. 

But  to  render  the  infixument  fhorter,  thefe 
converging  rays  are  made  to  fall  on  the  lens  R  in 
the  eye-tube,  which  increafes  their  convergence, 
and  makes  them  coincide  at  a  and  b,  where  they 
form  an  ere&  image  of  the  object  at  a  b.  This  image 
Jbeingat  the  focus  of  the  lens  S,  the  rays  proceeding 
from  the  image  formed  there,  are  fo  refradted  by  ic 
as  to  emerge  parallel  to  the  eye,  and  thus  produce 
diftinft  vifion. 

The  light  which  falls  upon  the  furface  of  the 
large  mirror  is  reflected  to  the  fmall  mirror  ;  the 
eye  therefore  receives  from  the  telefcopc  a  quantity 
of  light,  which  is  to  that  which  it  would  receive 
by  naked  vifion,  nearly  in  the  fame  proportion 
that  the  furface  of  the  large  mirror  is  to  the  fur- 
face  of  the  fmall  hole  at  e,  near  the  pupil  of  the  eye* 
-  The  rays  pafling  on  from  the  image,  pafs 
through  the  fecond  eye-glafs  S,  and  through  a 
fmall  hole  e  enter  the  eye  f,  which  fees  the 
image  ab,  and  by  means  of  the  eye-glafs  under  the 
large  angle  ced,  the  fecond  glafs  increafes  the 
field,  and  renders  the  image  more  perfedh 

•  In  order  to  fuit  different  eyes  arid  diftances, 
there  is  a  fmall  rod  with  a  fcrew  at  one  end ;  this 
fcrew  goes  through  the  arm  which  is  fixed  to  the 
fmall  reflector,  fo  that  by  turning  the  end  it  brings 
it  nearer,  or  removes  it  further  from  the  larger 
fpeculum. 

An  eye-flop  is  placed  at  the  laft  image,  to  cut 
off  the  fuperfluous  rays ;  a  very  fmall  hole  is  made 
lit  e,  to  let  the  rays  pafs  to  the  eye. 

To  fee  neat  objects ,  or  to  accommodate  the  tele* 

fcopefor  longsighted  people,  the  (mall  mirror  rnuft 

be  moved  further  from  the  large  mirror  than  when 

ufed  for  diftant  objects  or  a  common  fight ;  for  if 

M  m  2  an 
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ready  laid  down,  is  to  magnify  the  object  in  the 
proportion  that  the  focus  of  the  lens  S  extend 
that  of  R  in  this  initance,  as  36  to  iOj  but  the 
telefcope  was  before  fhewn  to  magnify  in  the  pro* 
portion  of  6  to  l«  By  combining  theft  propor- 
tions, we  ihall  obtain  10  X  **  a^d  36  y^  bt  or  10 
lo  216,  or  nearly  as  1  to  22, 

Of  theK""™™'**!  Telescope. 

The  telefcope  of  w  differs  a  little  in  the 

conftrudion  from  that  m  Kiregorv,  but  it  is  founded 
Upon  the  fame  princip  as  well  geometrical  a* 
phy  iical. 

It  confifts,  like  rmer,  of  a  tube  to  re- 

ceive the  metals ;  the  u  2nd  of  the  tube  h  open ; 

at  the  bottom  of  this  ced  a  tancave  metal  re- 

fie£t0r%  and  a  plain  fn  al  refleUQrt  inclined  4$ 

degrees  to  the  axis  of  the  large  refledl  or.  This  final] 
raflOftar  mull  be  of  an  oval  form ;  the  length  of 
the  oval  ihould  be  to  the  breadth  as  a  to  i,  oa  ac- 
count of  the  obliquity  of  it's  pofition ;  it  is  flip- 
ported  on  an  arm  fixed  to  the  fide  of  the  tube ;  an 
eye-glafs  is*  placed  in  a  fmall  tube,  moveable  in 
the  larger  tube,  fo  as  to  be  perpendicular  to  the 
axis  of  the  large  refle&or,  the  perpendicular  line 
pafling  through  the  center  of  the  fmall  mirror. 
The  fmall  mirror  is  to  be  fituated  between  the 
large  mirror  and  it's  focus,  that  it's  diftance  from 
this  focal  point  may  be  equal  to  the  di fiance  from 
the  center  of  the  mirror  to  the  focus  of  the  cyc- 
glafs. 

The  tube  vxzy,  fig.  3,  pi.  8,  being  {turned  with 
it's  open  end  towards  the  objedt,  parallel  rays  coin- 
ing therefrom  will  be  reflected  by  the  concave  mir- 
ror to  it's  focus,  where  it  would  form  an  inverted 

knagc 
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the  hole  in  the  center  •&  of  an  inch  in  diameter ; 
the  focus  of  the  fmall  mirror  44,  it's  diameter  A  of 
an  inch;  the  firft  eye-glafs  about  three  inches  focus, 
the  fecond  about  {•!•  We  muft  now  refer  back  to 
our  former  inftrudtions  on  the  principles  of  rays  of 
light,  when  refledted  from  a  fpherical  concave 
mirror. 

You  will  recoiled:,  1  ft,  That  the  light,  which 
comes  from  a  very  diftant  object,  is  fo  refledted 
that  the  point  where  they  meet,  and  where  the 
image  is  formed,  is  i  part  of  the  diameter  of  the 
iphere,  of  which  the  great  fpcculum  is  a  fegment. 
ad,  That  if  the  objedt  is  at  the  focus  of  a  concave 
fpherical  mirror,  the  rays  falling  therefrom  are 
,  refledted  parallel  to  each  other. 

Now  diftant  objedls  fecn  through  the  reflcdt- 
ing  telefcope,  form  an  inverted  image  at  I  K,  the 
'  focal  point  of  the  large  fpeculum,  and  nine  inches 
therefrom,  and  the  image  and  objedt  both  appear 
under  the  fame  angle  from  the  vertex  of  the  mir- 
ror ;  this  image  at  the  focus  I  K  being  the  bafe  of 
two  angles,  whofe  fummits  are  the  centers  of  the 
two  fpherical  mirrors.  Now  the  diftance  of  the 
focus  of  the  two  mirrors  Is  as  i|  to  9,  or  as  3  to  18, 
by  taking  away  the  fradtion  ;  or  as  1  to  6,  by  divid- 
ing the  terms  by  3  :  therefore  the  two  angles  are 
in  the  proportion  of  1  to  6,  that  is,  the  angle  fub-> 
tended  by  the  fpherical  furfacc,  of  which  A  B  is  a 
portion,  is  fix  times  larger  than  what  the  objedt 
lubtends  at  the  furface  of  the  larger  mirror  ;  con- 
fequently  if  the  eye  was  placed  in  the  parallel 
rays  proceeding  from  the  fmall  fpcculum,  it  would 
fee  the  objedt  perfedtly  therein,  and  magnified  in 
the  proportion  of  the  focal  diftancca  ot  the  two 
metals,  that  is,  as  6  to  1 . 

Now  the  two  lenfes  in  the  eye-tube  form  a 
telefcope,   whofe  property,  on  the  principles  al- 

M  m  3  ready 
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culum,  which  injures  them  more  than  equal  faults 
in  the  objett-glafs  of  refractors, 

In  the  hands  of  a  man  whofe  mind  is  welldi* 
rented,  every  part  of  fcience  is  made  ufeful ;  among 
many  inftances  of  ttjis,  I  (hall  give  you  one  from 
the  learned  Mr.  Jacob  Bryant's  trcatife  on  the 
Authenticity  of  the  Scriptures,  in  which,  from  the 
relefcopes  we  have  been  considering,  he  fhews  the 
weaknefs  of  fame  infidel  objections  to  revelation. 
Thus  he  fhews,  that  there  is  no  more  reafon  to  ob- 
ject to  the  authenticity  of  the  fcriptures  on  ac- 
count of  fome  difficulties,  than  to  natural  religion 
or  natural  philofophy  on  the  fame  accounr ;  for 
they  are  equally  attended  with  difficulties  Na- 
tural philofophy  abounds  with  phenomena  which 
we  fee  and  know,  but  cannot  explain,  as  gravity, 
magneufm,  &c. 

If  any  perfon  had  prophetically  informed  Au 
chimedes  or  Eudoxus$  that  vifion  would  one  day  be 
wonderfully  affificd  by  art,  and  that  the  manner  of 
improving  fight  would  be  to  place  a  dark  &pakefub~ 
fiance  dire<21y  between  the  object  and  the  eye,  they 
muft  have  thought  the  prophet  out  of  his  fenfes. 
And  when  they  heard  that  the  other  method  was, 
in  viewing  an  object  not  to  look  at  it%  but  to  keep 
the  eye  in  a  quite  different  dire&ion,  how  could 
they  digeft  thefe  dodtrines,  by  which  they  were 
taught,  that  fight  would  be  helped  by  impedi- 
ments, and  that  the  beft  way  of  feeing  obje&s  was 
looking  another  way? 

Yet  whoever  is  acquainted  with  the  Gregorian 
tele/cope,  muft  know,  that  fuch  a  dark  body  does 
intervene  between  the  eye  and  the  objedfc;  and 
that  in  the  'Newtonian  tele/cope  the  fight  is  dire&ed 
fideways,  at  an  angle  of  90  degrees. .  When  once 
known,  the  thing  is  found  to  be  confonant  to  rea- 
fon and  experience. 

If 


^ 
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If  then  we  meet  with  many  things  in  common 
}ife  and  worldly  fcience,  which  feem  difficult  to 
comprehend,  and  fome  beyond  our  reafon,  we  muft 
/expedt  to  find  others  beyond  our  reafon  in  that 
grand  fyftem  of  life  and  immortality  laid  before  119 
Jn  holy  writ, 


LEcnr 
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LECTURE   XXI1L 


Of  Microscopes. 


*T)  Y  a  microfcopc  wc  understand  an  inflrument 
J3  for  viewing/mall  objeSs,  rendering  thofe  vi- 
able which  would  be  erturwife  imperceptible, 
Microfcopes  are  divided  into  three  different  kinds, 
Jlxglr,  compound,  and  folar  ;  Jingle  microfcopes  are 
thofe  which  confift  of  one  lens ;  compound,  thofe 
which  are  formed  of  two  or  more  lenfes ;  folar, 
thofe  which  are  ufed  in  a  dark  room,  the  objeft 
being  illuminated  by  the  fun,  and  the  image  re- 
ceived on  a  fcreen. 

It  is  generally  fuppofed,  that  microfcopes  were 
invented  about  the  year  1680,  a  period  fruitful  in 
difcovcries,  when  the  mind  began  to  emancipate 
itfelf  from  thofe  errors  and  prejudices  by  which  it 
had  been  too  long  enflaved,  to  aflert  it's  rights! 
extend  it's  powers,  and  follow  the  paths  which 
lead  to  truth.  The  honour  of  the  invention  is 
claimed  by  the  Italians  and  the  Dutch ;  the  name 
of  the  inventor,  however,  is  loft;  probably  the 
difcovery  did  not  at  firft  appear  Sufficiently  im- 
portant, to  engage  the  attention  of  thofe  men,  who, 
by  their  reputation  in  fcience,  were  able  to  efta- 
blifh  an  opinion  of  it's  meric  with  the  reft  of  the 
world,  and  hand  down  the  name  of  the  inventor  to 

fuccecding 

*  See  mv  R:Tays  on  the  Microfcopc,  of  wJiich  I  mean  to 
pubtifh  a  new  edition  the  fame  i'ur.  with  this  work,  to  which  it 
Jvill>cabfn>pcr  itjppicment,  in  an.  felling  the  wildom  of  God  in 
the  miuutc  pifts  oi  v  i  cation. 


Of  Microscopic  53^ 

fucceeding  ages.  Men  of  great  literary  abilities 
are  apt  to  defpife  the  firft  dawnings  of  invention, 
not  confidering  that  all  real  knowledge  is  pro- 
greffive,  and  that  what  they  deem  trifling  may 
be  the  firft  and  neceflary  link  to  a  new  branch  oif 
fcience. 

The  microfcope  extends  the  boundaries  of 
the  organs  of  vifion;  enables  us  to  examine  the 
ffarudfcure  of  plants  and  animals;  prefents  to  the 
eye  myriads  of  bemgs,  of  whofe  exiftence  we  had 
before  formed  no  idea ;  opens  to  the  curious  an 
exhauftlefs  fource  of  information  and  pleafure; 
and  furniihes  the  philofopher  with  an  unlimited 
field  of  inveftigation.  It  leads,  to  ufe  the  words 
of  an  ingenious  writer,  to  the  difcoveryof  a  thou- 
iknd  wonders  in  the  works  of  his  hand,  who  created 
purfelvt^  as  ;>cll  as  the  obje<fts  of  our  admiration; 
it  impioves  the  faculties,  exalts  the  comprehen- 
fion,  and  multiplies  the  inlets  to  happinefs;  is  % 
nev  fource  of  praife  to  him,  to  whom  all  we  pay 
is  nothing  of  what  we  owe ;  and  while  it  plcafes 
the  imagination  with  the  unbounded  treafures  it 
offers  to  the  view,  it  tends  to  make  the  whole  life 
one  continued  a&  of  admiration.  For  there  is  no 
obje<5t  fo  inconfiderable,  that  it  has  not  fomething 
to  invite  the  curious  eye  to  examine  it ;  nor  is 
there  any,  which,  when  properly  examined,  will 
not  amply  repay  the  trouble  of  investigation. 

It  is  not  difficult  to  fix  the  period  when  the 
microfcope  firft  began  to  be  generally  known,  and 
-was  ufed  for  the  purpofe  of  examining  minute  obr 
jedte ;  for  though  we  are  ignorant  of  the  name  of 
the  firft  inventor,  we  are  acquainted  with  the  names 
of  thofe  who  firft  engaged  the  public  attention,  by 
exhibiting  fome  of  it's  wonderful  effeds.  Zacha~ 
Has  Janfens  and  his  fon  had  made  microfcopes  be- 
fore the  year  161 9,  for  in  that  1  r  the  ingenious 
Cornelius  Die  bell  brought  one^ 
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by  them,  with  him  into  England,  and.  (hewed  it  to 
William  fiorrell  and  others.  It  is  poflible  this  in- 
flrument  of  Drebell's  was  not  ftri&Iy  what  is  now 
meant  by  a  microfcope,  but  was  rather  a  kind  of 
jroicrofcopic  telefcopc,  fomething  fimilar  in  prin- 
ciple to  that  lately  described  by  Mr.  Aepinus,  in  a 
.  letter  to  the  Academy  of  Sciences  at  Peteribuxg. 
It  was  formed  of  a  copper  tube  fix  feet  long  and 
one  inch  diameter,  fupported  by  three  brafs  pillarr 
10  the  fliape  of  dolphins ;  thefe  were  fixed  to  a  bale 
of  ebony,  on  which  the  objeds  to  be  viewed  by  the 
microfcope  .were  alfo  placed.  In  contradi&ion  to 
this*  Fontana,  in  a  work  which  he  publiflied  in 
1646,  fays,  that  he  had  made  microfcope*  in  die 
year  1 61 8:  this  may  be  alfo  very  true,  without 
derogating  from  the  merit  of  the  Janfens,  for  we 
have,  many  inftances  in  our  own  times  of  more than 
one  perfon  having  executed  the  fame  contrivance, 
pearly  at  the  fame  time,  without  any  communica- 
tion from  one  to  the  other.  In  1685,  Stelluti 
publiflied  a  defcription  of  the  parts  of  a  bee, 
which  he  had  examined  with  a  microfcope. 

If  we  confider  the  microfcope  as  an  inftru- 
ment  coniifting  of  one  lens  only,  it  is  not  at  all 
improbable,  that  it  was  known  to  the  ancients 
much  fooner  than  the  laft  century,  nay,  even  in  a 
degree  to  the  Greeks  and  Romans  ;  for  it  is  cer- 
tain, that  fpedtacles  were  in  ufe  long  before  the 
above-mentioned  period.  Now  as  the  glaffes  of 
thefe  were  made  of  different  convexities,  and  con- 
fequcntly  of  different  magnifying  powers,  it  is  na- 
tural to  fuppofe,  that  fmaller  and  more  convex 
lenfes  were  made,  and  applied  to  the  examination 
of  minute  objefts.  In  this  fcniV,  there  is  alfo  fome 
ground  for  thinking  the  ancients  were  not  ignorant 
of  the  ufe  of  lenfes,  or  at  lead  of  what  approached 
nearly  to,  and  might  in  funic  inftances  be  fubfti- 
tuted  for  them. 

Ot 
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Of  the  Optical  Effect  of  Microscopes.  •■ 

It  has  been  already  obferved,  that  the  human 
eye  is  fo  conftituted,  that  we  cannot  fee  an  objed 
diftinctly  when  it  is  nearer  the  eye  than  fix  inches 
To  enable  us  to  fecobjedis  nearer  is  the  defign  of 
microfcopes,  for  by  this  means  we  are  enabled  to 
difcern  thofe  obje&s  which,  from  their  minuteaefs, 
become  imperceptible  at  a  fmall  diftance.  Hence 
a  microfcope  is  faid  to  magnify' the  objecb  feen 
through  it ;  but  this  exprcflion  is  only  true  with 
refpe#  to  the  apparent  magnitude  of  the  objedh    - 

To  have  right  ideas  on  this  fubjed,  you  mutt 
diftinguifti  the  apparent  from1  the  real  magnitude 
of  objedts ;  the  real  magnitude  of  an  object  is  the 
objedt  of  geometry,  and  remains  invariable  us  long 
as  theobjedt  continues  in  the: fame  date;  the  ap- 
parent magnitude  may  be  .infinitely  varied,  while 
the  real  fize  remains  unaltered.  Thus  the  ftacs  in 
the  heavens  appear  to  us  exceeding  fmall,  although 
their  real  fize  ^s;  prodigious  ;  this  difference  is 
occasioned  by  their  immenfe  diftance.  If  we 
could  approach  thern>  weihould  find  them  increafe 
in  fize  as  the  diftance*  diminiihes  ;  the  apparent 
magnitude  depending  in.a  great  degree  on  the  angle 
under  which  i(  is.feeh,  and  this  angle  increafes  or 
diminiihes,  according  as  the  object  is  nearer  to  or 
further  from  the  eye. 

Thus  let  POQ, fig.4,pl.  8,  be  theobjedof  our 
fight;  this,  if  the  eye  be  at  A,  will  appear  under  the 
angle  PA  Q,  called  the  vifual  angle,  and  which  de- 
termines in  a  great  meafure  the  apparent  fize  of 
an  obje&.     It  is  plain  from  hence,  that  the  fr    % 
the  eye  is  from  the  objetft,  the  frftaller  is  thi 
and  that  thus  the  largeft  bodies 
an  exceeding  fmall  amr1- 
diftance. 
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If  the  eye  be  at  B,  the  object  will  be  feen 
under  the  angle  >  B  Q,  which  Is  vifibly  larger  than 
the  angle  P  A  Q.  Let  the  eye  be  *u  c,  the  angle 
P  C  Q  is  larger  than  PBO;  and  Kb  onT  the  nearer 
the  eye  is  to  the  object ,  the  larger  is  the  vifual 
angle* 

From  hence  it  follows,  that  the  apparent  dia- 
meter of  an  objeft  feen  b;  the  naked  eye,  nut)  He 
magnified  in  any  proportion  we  pleafc  ;  for  as  the 
apparent  diame  r       d  in  proportion  a*  the 

diftance  from  j  ■  bned,  we  have  only  ro 
fcffen  the  diftance  v  >  <  bjedt  from  the  eye,  in 

order  to  increafe  the  r:nt  diameter  thereof.* 

Thus,  fuppofe  the  jeft,  A  B,  pL  8,  fig.  c, 

which  to  an  eye  i  Is  or  appears  under  the 

angle  AtB,  we   ma)  fy  the   apparent  dia* 

tnetcr  in  what  pro""  ■  pi  cafe,  by   bringing 

our  eye  nearer  tc  r  inftance,  we  would 

magnify  it  in  the  proporuun  of  FG  to  AB;  that 
is,  if  we  would  fee  the  object  under  an  angle  ai 
large  as  F  E  G,  or  would  make  it  appear  the  lame 
length  that  an  objeft  as  Jong  as  F  G  would  appear, 
it  may  be  done  by  coming  nearer  to  the  object 
For  the  apparent  diameter  is  as  the  diftance 
inyerfely  ;  therefore,  if  CD  is  as  much  left  than 
CE,  as  FG  is  greater  than  AB,  by  bringing  the 
eye  nearer  to  the  object  in  the  proportion  of  C  D 
to  ED,  the  apparent  diameter  wilt  be  magnified 
in  the  proportion  of  F  G  to  A  B ;  lb  that  the  ob^ 
jeft  A  B,  to  the  eye  at  D,  will  appear  as  long  as  an 
object  FG  would  appear  to  the  eye  at  E.  In  the 
fame  manner,  we  might  (hew,  that  the  apparent 
diameter  of  an  object,  when  feen  by  the  naked  eye, 
may  be  infinite.  For  fince  the  apparent  diameter 
is  reciprocally  as  the  diftance  of  the  eye,  when  the 
diftance  of  the  eye  is  nothing,  or  When  the  eye  is 

clofe 

•  Rutherford*'*  Sy ftcm  of  Naturri  Phflofophy,  p.  33* 
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ofe  to  the  object  at  C,  the  apparent  diameter  wilt 
:  the  reciprocal  of  nothing,  or  infinite. 

There  is,  however,  one  great  inconvenience 
1  thus  magnifying  an  objed,  without  the  help  of 
LafTes,  by  placing  the  eye  nearer  to  it.  The  in- 
anvenience  is,  that  we  cannot  fee  an  objedt  dif- 
ndtly,  unlefs  the  eye  is  about  five  or  lix  inches, 
om  it ;  therefore,  if  we  bring  it  nearer  to  our  eye 
urn  five  or  fix  inches,  however  it  may  be  inagjiU 
ed,  it  will  be  feen  confufedly.  Upon  this  acc- 
ount, the  greateft  apparent  magnitude  of  an  ob*> 
&  that  we  are  ufed  to,  is  the  apparent  magnitude, 
hen  the  eye  is  about  five  or  lix  inches  from  it : 
nd  we  never  place  an  objedt  much  within  that 
iftance ;  becaufe,  though  it  might  be  magnified 
y  this  means,  yet  the  confufion  would  prevent  our 
eriving  any  advantage  from  feeing  it  fo  large, 
he  fize  of  an  object  feems  extraordinary,  when 
iewed  through  a  convex  lens ;  not  becaufe  it  is 
npoftible  to  make  it  appear  of  the  fame  fize  to 
tie  naked  eye,  but  becaufe  at  the  diftance  from  the 
ye  which  would  be  neceflary  for  this  purpofc,  it 
rould  appear  exceedingly  confufed ;  for  which 
eafon,  we  never  bring  our  eye  fo  near  to  it,  and 
onfequently  as  we  have  not  been  accuftomed  to 
?e  the  objeti:  of  this  iizc,  it  appears  an  extraor- 
dinary one. 

On  account  of  the  extreme  minutenefs  of  the 
toms  of  light,  it  is  clear,  a  lingle  ray,  or  even  a 
mall  number  of  rays,  cannot  make  a  fcnlible  ira- 
treilion  on  the  organ  of  fight,  whofe  fibres  are  venr 
jrofs,  when  compared  to  thefe  atoms ;  it  is  neoef- 
aury#  therefore,  that  a  great  number  fhould  proceed, 
rom  the  furface  of  an  object,  to  render  it  viAUi 
Jut  as  the  rays  of  light,  which  proceed  (rom 
>bje&,  are  continually  diverging,  diftfMt 
hods  have  been  contrived,  ua  we  h§y« 
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o  ,,  cither  of  uniting  them  in  a  given  point, 
^rating  them  at  pleafurc, 
,  by  the  help  of  convex  lenfes,  we  unite 
ne  fenfible  point  a  great  number  of  mft 
g  from  one  point  of  an  objedt;  and  a* 
■  carries  with  it  the  image  of  the  point 
i      mce  it   proceeded,  all  the   rays    united 
f      t  an  image  of  the  object  from  whence 
tfl)       vert  emitted       This    image   is    brighter,  in 
as  then    are  more  rays  united  j  and 
in  proportion  as  the  order  in  which 
1        ceded,  is  better  preferved  in  their  union. 
1     c  perceive  th<*  1        nee  and   figure  of  ob- 
jects   by   the   impr        ™    each    refpertive   image 
makes  on  the  re  tin?  mind,    in  confluence 

of  thefe  irnprefllons,  onclufmns  concerning 

the  fize,  pofition,  ana  mu  on  of  the  object.  It 
jnuft  however  be  obferved,  that  thefe  conctufiona 
are  often  reftified  or  changed  by  the  mind,  in- 
confequence  of  the  effects  of  more  habitual  im- 
preffions.  For  example ;  there  is  a  certain  dif- 
tance,  at  which,  in  the  general  bufinef*  of  life,  wef 
are  accuftomed  to  fee  objects :  now,  though  the 
meafure  of  the  image  of  thefe  objefts  changes  coiw 
fiderably  when  they  move  from,  or  approach 
nearer  to  us,  yet  we  do  not  perceive  that  their  fize 
is  much  altered :  but  beyond  this  diftance,  vie 
find  the  objects  appear  to  be  diminilhcd,  or  in- 
creafed,  in  proportion  as  they  are  more  or  lefs  dtf* 
tant  from  us. 

For  inftance,  if  I  place  my  eye  Awrc^flively  at 
two,  at  four,  and  at  fix  feet  from  the  fame  perfon, 
the  dimenfions  'of  the  image  on  the  retina  will  be 
nearly  in  the  proportion  of  i*  of  *>  off,  andconfe- 
quently  they  Ihould  appear  to  be  diminifhed  in  the 
fame  proportion;  but  we  do  not  perceive  this  di- 
minutionj  becaufe  the  mind  has  re&ified  the  frn-* 

predion 
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>reffion  received  on  the  retina.  To  prove  this, 
we  need  only  contidcr,  that  if  we  fee  a  perfon  at 
i  20  feet  diftance,  he  will  not  appear  lb  ftrikingly 
fmall,  as  if  the  fame  perfon  fhouldbe  viewed  from 
the  cop  of  a  tower,  or  other  building,  120  feet 
high,  a  fituation  to  which  we  had  not  been  accuf- 
tomed. 

From  hence,  alfo,  it  is  clear,  that  when  we 
place  aglafs  between  the  object  and  the  eye,  which 
from  it's  figure  changes  the  direction  of  the  rays 
of  light  from  the  object,  this  object  ought  not  to 
be  judged  as  it'  it  were  placed  at  the  ordinary  reach 
of  the  light,  in  which  cafe  we  judge  of  it's  fize 
more  by  habit  than  by  the  dinieniions  of  the  ima- 
ges formed  on  the  retina;  but  it  muft  be  cftimaced 
the  fize  of  the  image  in  the  eye,  or  by  the  an- 
gle formed  at  the  eye,  by  the  two  rays  which  come 
from  the  extremity  of  the  object. 

If  the  image  of  an  object,  formed  after  re- 
fraction, is  greater  or  lefs  than  the  angle  formed  at 
the  eye,  by  the  rays  proceeding  from  the  extremi- 
ties of  the  object  itfclf,  the  objevft  will  appear  alfo 
proportionably  enlarged  or  diminiihed  ;  fo  that  if 
the  eye  approaches  to,  or  removes  from,  the  Ialt 
image,  the  objeft  will  appear  to  increafe  or  dhni- 
nifh,  though  the  eye  fhould  in  reality  remove  from 
it  in  one  cafe,  or  approach  towards  it  in  the  other; 
becaufethe  image  takes  place  of  the  object,  and  is 
conifdered  inftead  of  it. 

The  apparent  diftance  ofanobjetft  from  the 
eye,  is  not  meafured  by  the  real  diftance  from  the 
Iaft  image;  for,  as  the  apparent  diftance  is  eftU 
mated  principally  by  the  ideas  we  have  of  their 
fize,  it  follows,  that  when  we  fee  objeds,  whofe 
images  arc  increafed  or  diminifhed  by  rcfraftion, 
we  naturally  judge  them  to  be  nearer  or  further 
from  the  eye,  in  proportion  to  the  fize  thereof* 


*QL, 


II. 


Nn 


wheri 


£^6     Lectures  on  Na*VMI*  Philosophy. 

when  compared  to  that  with  which  we  are  ac- 
quainted. The  apparent  diftance  of  an  objed  is 
coiittden*b!y  affected  by  the  brightneft,  diftinA- 
nefi^  and  magnitude  thereof.  Now  as  thefe  cir* 
chrtlftances  are,  in  a  certain  degree,  altered  by  die 
refW&ion  of  the  rays  in  their  pafling  through  <b% 
fcri&At  media,  they  wilt  alfo,  in  fbme  mqritat, 
affett  the  extirpation  of  the  apparent  diftance. 

Of  THI  SltiQll  MlCfl^SMPS. 

The  fingle  microfeppe  renders  minute  ebje^s 
vifible^  by  means  of  a  finall  glafs  globule,  or  con- 
yex  lens,  of  a  fliort  focus;  Tlet  £  Y,  fig.  6,  pi.  %> 
feprefent  the  eye ;  and  O  B,  a  fmall  obje&  fitu^tcd 
very  near  to  it,  confecraently  the  angle  of  it's  ap- 
parent magnitude  very  lar^e.  Let  the  convex  lent 
RS  be  interpofed  between  the  eye  and  thcotyefi; 
fo  that  the  diftance  between  it  and  the  bbjed  may 
be  equal  to  the  focal  length ;  and  the  rays  which 
diverge  from  the  objedt,  and  pafs  through  the  lens* 
will  afterwards  proceed,  and  consequently  enter 
the  eye  parallel :  after  which,  they  will  be  con- 
verged, and  form  an  inverted  image  on  the  retina, 
and  the  objedl  will  be  clearly  feen;  though,  if  re- 
moved to  the  diftance  of  fix  inches,  it's  fmallncfc 
would  render  it  invifible. 

When  the  lens  is  not  held  clofe  to  the  eye#  thq 
objecSt  is  fomewhat  more  magnified  ;  becaufe  the 
pencils,  which  pafs  at  a  diftance  from  the  center 
of  the  lens,  arc  refradted  inward  towards  the  axis, 
and  confequently  feem  to  come  from  points  mar? 
remote  from  the  center  of  the  objedt. 

Fig.  10,  pi.  8,  may,  perhaps,  give  the  reader  a 
ftill  clearer  view,  why  a  convex  lens  increafes  the 
angle  of  vifion.    Without  a  lens,  as  F  G,  the  eye 

as 
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kt  A  would  fee  the  dart  B  C  under  the  angle  b  A  c  1 
but  the  rays  B  F  and  C  G  from  the  extremities  of 
the  dart  in  paffing  through  the  lens,  are  refra&ed 
to  the  eye  in  the  dire&ions  f  A  and  G  a,  which 
«^ufes  the  dart  to  be  feen  under  the  much  larger 
angle  DAE  (the  fame  as  the  angle  fAg).,  And 
therefore,  the  dart  B  C  will  appear  fo  much  mag- 
nified, as  to  extend  in  length  from  D  to  E. 

The  objedt,  when  thus  feen  diftindHy,  by 
means  of  the  fmall  lens,  appears  to  be  magnified 
nearly  in  the  proportion  which  the  focal  diftance 
of  the  glafs  beard  to  the  diftance  of  the  objetts* 
uhen  viewed  by  the  naked  eye. 

To  explain  this  further,  place  the  eye  clofe  td 
the  glafs,  that  as  much  of  the  objeeft  may  be  feen 
it  one  view  as  is  poflible  ;  then  remove  the  objcA 
to  and  fro,  till  it  appears  perfectly  diftindt,  and 
\¥ell  defined  ;  now  remove  the  lens,  ami  fubftitutc 
in  it's  place  a  thin  plate,  with  1  very  fmall  hole  in 
it,  and  the  objedt  will  appear  as  diftintt,  and  as 
much  magnified,  as  with  the  lens,  though  not 
quite  fo  bright;  and  it  appears  as  much  more 
"magnified  in  this  cafe,  than  it  docs  when  viewed 
Vrith  the  naked  eye,  as  the  diftance  of  the  object 
from  the  hole,  or  lens,  is  lefs  than  the  dillnncc  at 
Which  it  may  be  feen  diftin&ly  with  the  naked 

feye- 

Firbm  hence  we  fee,  that  the  whole  cfledl  of 
the  lens  or  microfctfpc  is  to  render  the  object  (lif- 
ting, which  it  docs  by  afliftim;  the  eye  to  incrcad; 
the  refradtion  of  the  rays  in  each  pencil  j  and  that 
the  apparent  magnitude  is  entirely  owing  to  the 
objed  being  feen  fo  much  nearer  the  eye  than  it 
could  be  viewed  without  it. 

In  other  words,  a  finglc  mtcrofcopc  remove* 
the  confution  that  acconipaniei  ubjcfli  W]*£fi  frtrn 
♦very  near  the  eve,  while  it  leaved  the  vtt|  Bangle 
the  £mi^^^£_lt   runo-rc*  the  lOftfufi^        '  ths 
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object  being  placed  in  the  focus  of  the  km,  tfe 
rays  emerging  from  thence  arc  parallel,  which  yon 
know  is  ncceftary  to  diftiraft  vifion.  2,  The  angle 
is  the  fame,  for  whether  the  eye  touches  the  glmt 
or  is  removed  a  little  way  from  it,  it  appears  un- 
der the  fame  angle  as  it  would  to  the  eye  placed 
where  the  glafs  is  fixed* 

Single  microfcopes  magnify  the  diameter  of 
the  object,  as  we  have  already  fhewn,  in  the  pro- 
portion of  the  focal  diftance  (to  the  limits  of  dif- 
tind  vifion  with  the  naked  eye)  to  eight  inches. 
For  example,  if  the  fe  mi -diameter  of  a  lens, 
equally  convex  on  both  fides*  be  half  an  inch, 
which  is  alfo  equal  to  it's  focal  difbnee,  wc  ihall 
have  as  ^  is  to  8,  fo  is  1  to  16 ;  that  is,  the  diame- 
ter of  the  object  in  the  prop  ore  ion  of  fix  teen  to 
one.  As  the  diftanee  of  eight  inches  is  always  the 
fame,  it  follows,  that  by  how  much  the  focal  dif- 
tanee is  f mailer,  there  will  be  a  greater  difference 
between  it  and  the  eight  inches  ;  and  confequenrlr, 
the  diameter  of  the  object  will  be  fo  much  the 
more  magnified,  in  proportion  as  the  lenfes  ait 
fegments  of  fruallcr  fpheres. 

As  tlie  clofer  the  object  is  to  the  eye  the 
larger  it  appears,  it  follows,  that  a  double  and 
equally  convex  lens  is  preferable  to  a  plano-con- 
vex lens,  becauli  with  equal  convexities  the  focal 
h  of  the  former  is  only  half  as  long  as  the 
latter.  Now  as  the  double  convex  confifts  of  two 
fegments  of  a  fphcrc,  the  more  an  objcdl  is  to  be 
magnified,  the  greater  muft  be  the  convexity,  and 
therefore  the  final lcr  the  fphere,  till  at  laft  the 
utmofi:  degree  of  magnifying  power  will  require 
that  thefe  fegments  become  hemifphcres,  and  con- 
fcqucntly  the  lens  will  be  reduced  to  a  perfed 
lpherule,  or  very  fmall  fphere* 

Very  extraordinary   magnifying  powers  may 
be  obtained  by  means  of  fmall  fpherules,  for  the 
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focus  of  parallel  rays  is  only  half  the  radius  diftant 
from  the  fphcrulc  ;  therefore,  if  the  radius  of  the 
lbherule  be  TV  of  an  inch,  the  eye  will  have  dif- 
tm&  vifion  of  an  objeQ  by  means  thereof  at  the 
di (lance  of  a  radius  and  a  half,  i.  e.  A  of  an  inch, 
which  is  but  the  fortieth  part  of  6  inches,  fo  that 
the  length  of  an  objedt  will  be  magnified  40  times, 
Che  furfacc  1 600. 

Of  the  Double  or  Compound  Microscope. 

In  the  compound  microfcope,  the  image  is 
viewed  inftead  of  the  object,  which  image  is  mag- 
nified by  a  fingle  lens,  as  the  objeA  is  in  a  fingle 
microfcope.  It  confifts  of  an  object  lens,  LN, 
fig.  8,  pi.  8,  and  an  cye-glafs  F  G.  The  objeft 
OB  is  placed  a  little  further  from  the  lens  than 
it's  principal  focal  diltance,  fo  that  the  pencils  of 
rays  proceeding  from  the  different  points  of  the 
objedt  through  the  lens,  may  converge  to  their  re- 
ipe&ive  foci,  and  form  an  inverted  image  of  the 
objedt  at  P  Q  ;  which  image  is  viewed  by  the  eye 
through  the  eye-glafs  F  G,  which  is  fo  placed,  that 
the  image  may  be  in  it's  focus  on  one  fide,  and  the 
eye  at  the  fame  diftance  on  the  other.  The  rays 
of  each  pencil  will  be  parallel,  after  paffing  out  of 
the  glafs,  till  they  reach  the  eye  at  E,  where  they  will 
begin  to  converge  by  the  refractive  powers  of  the 
humours  ;  arid  after  having  crofled  each  other  in 
the  pupil,  and  pafled  through  the  cryftalline  and 
vitreous  humours,  they  will  be  collected  in  points 
on  the  retina,  and  form  a  l^rge  inverted  image 
thereon. 

It  will  be  eafy,  from  what  has  been  already 
explained,  to  undcrftand  the  reafon  of  the  magni- 
fying power  of  a  compound  micrafiM^.  The 
object  is  magnified  upon  two  account^  n,  be- 
caufe  if  we  viemd^ttimage  with  ' 
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they  arc  converged  and  concentrated  on  the  ob- 
ject fixed  at  E  F. 

3,  The  object  being  thus  illuminated,  the  ray 
Which  proceeds  from  K  will  be  converged  by  the 
lens  G  H  to  a  focus  K,  on  the  fcreen  L  Mi  and 
the  ray  which  comes  from  F  will  be  converged  to 
I,  and  the  intermediate  points  will  be  delineated 
betM  ecn  I  and  K  ;  thus  forming  a  pidiure,  which 
will  be  as  much  krger  than  the  objc<ft,  in  propor- 
tion as  the  diflante  of  the  fcreen  exceeds  that  of 
the  image  from  the  objefh 

General  Observations* 

From  what  has  been  fa  id,  it  appears  plainly 
the  advantages  M£  gain  by  microfcopes  arc  derived, 
fnfl,  from  their  magnifying  power,  by  which  if  e 
eye  is  tnabkd  to  view  more  diH incily  the  parts  of 
minute  olj  its:  fecordly,  that  by  their  afTiflancc, 
jr.nc  light  is' thrown  into  the  pupil  of  the  eye, 
than  iS  done  without  them.  The  advantages  pro- 
cured by  the  magnifying  power,  would  be  exceed- 
ingly circumfcribed,  it  they  were  not  accompanied 
bv  the  latur:  for  if  the  fame  quantity  of  light  is 
dimjfed  over  a  much  larger  furface,  it's  force  is 
propoitionably  diminiflied  ;  and  therefore  the  ob- 
ject, though  magnified,  will  be  dark  and  obfcurc 
Thus  fuppofe  the  diameter  of  the  object  to  been- 
larpid  ten  times,  and  consequently  the  furface  one 
hur.ditd  times,  yet,  if  the  focal  diftance  of  theglafs 
was  eight  inches,  (provided  this  was  poflible)  and 
.it's  diameter  only  about  the  fize  of  the  pupil  of 
the  eye,  the  objed  would  appear  one  hundred 
tines  more  obfeure  when  viewed  through  theglafs, 
than  when  it  was  feen  by  the  naked  eye  *  and  this 
even  on  the  fuppofition,  that  theglafs  tranfmitted 
all  the  light  which  fell  upon  it,  which  no  glafscan 
4  do. 
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do.  But  if  the  glafs  was  only  four  inches  focal 
diftance,  and  it's  diameter  remained  as  before,  the 
inconvenience  would  be  vaftly  diminifhed  ;  be- 
caufe  the  glafs  could  be  placed  twice  as  near  the 
objedt  as  before,  and  would  confequcntly  receive 
four  times  as  many  rays  as  in  the  former  cafe,  and 
we  (hould  therefore  fee  it  much  brighter  than  be- 
fore. By  going  on  thus,  diminifhing  the  focal 
diftance  of  the  glafs,  and  keeping  it's  diameter  as 
large  as  pofliblc,  we  fhall  perceive  the  objeft  pro- 
portionably  magnified,  and  yet  remain  bright  and 
diftindh  Though  this  is  the  cafe  in  theory,  yet 
there  is  a  limit  in  optical  inftruments,  which  is 
foon  arrived  at,  but  which  cannot  be  pafled.  This 
arifes.from  the  following  circumftances.* 

1.  The  quantity  of  light  loft  in  pafling 
through  the  glafs. 

a.  The  diminution  in  the  diameter  of  the 
glafs  or  lens  itfelf,  by  which  it  receives  only  a 
imall  quantity  of  rays. 

3.  The  extreme  fhortnefs  of  the  focal  diftance 
of  great  magnifiers;  whereby  the  free  accefs  of  the 
light  to  the  objedl  we  wifh  to  view  is  impeded, 
and  confequently  the  reflection  of  the  light  from  it 
is  weakened. 

4.  The  aberration  of  the  rays,  occafioned  by 
their  different  refrangibility. 

To  make  this  more  clear,  let  us  fuppofe  a 
Jens  made  of  fuch  dull  kind  of  glafs,  that  it  tranf- 
mits  only  one  half  the  light  that  falls  upon  it.  It 
is  evident,  that  fuppofing  this  lens  to  be  of  four 
inches  focus,  and  to  magnify  the  diameter  of  the 
objeft  twice,  and  it's  own  breadth  equal  to  that  of 
the  pupil  of  the  eye,  the  object  will  be  four  times 
magnified  in  furface,  but  only  half  as  bright  as  if 
it  was  fcen  by  the  naked  eye  at  the  ufual  diftance; 

for 
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fof  the  light  which  falls  upon  the  eye  from  the 
objeA  at  eight  indies  diftance*  and  likewife  the 
fiirfact  of  the  objed  in  it's  natural  fize,  being  both 
ftjprefented  by  i,  the  fufftce  of  the  magnified 
6bie&  will  be  4.  and  the  light  which  makes  it 
f  ifible  Oftly  2 ;  becaiife  thouffh  the.  glafs  receive* 
Jbttr  times  as  much  light  as  the  naked  eye  does  at 
the  ufual  diftance  of  difttnft  vifiort,  yet  one  half  is 
loft  in  piling  through  the  glafs.  The  inconve- 
nience, in  this  refpedt,  can  only  be  removed  fo  far 
U  it  is  poffibje  to  increafe  the  tranfparency  of  the 
glafs,  that  it  may  tranfmit  nearly  all  the  rays  which 
tail  upbti  it  1  and  how  far  this  can  be  done,  has 
not  been  yet  afecrtained. 

The  fecond  obftacle  to  the  perfection  of  mi- 
cjpfcopic  glaflcs,  is  the  fmall  fize  of  great  magni- 
fiers ;  by  which  means,  notwithftanding  their  near 
approach  to  the  obje<ft,  they  receive  a  f mailer  quan- 
tity of  light  than  might  be  expedted.  Thus,  fup- 
pofe  a  glafs  of  only  one-tenth  of  an  inch  focal 
diftance,  fuch  a  glafs  would  increafe  the  vifible 
diameter  eighty  times,  and  the  furface  6400  times. 
If  the  breadth  of  the  glafs  could  at  the  fame  time 
be  fireferved  as  great  as  the  pupil  of  the  eye,  which 
we  fhall  fuppofe  one-tenth  of  an  inch,  the  objeft 
Xroukl  appear  magnified  6400  times,  and  every 
part  would  be  as  bright  as  it  appears  to  the  naked 
fyt.  But  if  we  fuppofe  the  lens  to  be  only  TV  of 
an  inch  diameter,  it  will  then  only  receive  4.  of  the 
Kght  which  would  otherwife  have  fallen  upon  it ; 
therefore,  inftead  of  communicating  to  the  mag- 
nified objedt  a  quantity  of  light  equal  to  6400,  it 
would  communicate  an  illumination  fuited  only  to 
i6co,  and  the  magnified  object  would  appear  four 
times  as  dim  as  it  does  to  the  naked  eye.  This 
inconvenience  can,  however^  be  in  a  great  degree 
removed,  by  throwing  a  much  larger  quantity  of 
light  on  the  objedt. 

The 
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The  third  obftacle  arifes  from  the  fhortnefs  of 
$ke  focal  diftancc  in  large  magnifiers  ;  this  incon- 
venience can,  like  the  former,  be  remedied  in 
fome  degree  by  artificial  means  of  accumulating 
light ;  but  ftill  the  eye  is  fo  ftrained,  as  it  muft  be 
brought  nearer  the  glafs  than  it  can  well  bear, 
which  in  fome  meafure  fuperfedes  the  ufe  of  very 
deep  lenfes,  or  fuch  as  are  capable  of  magnifying 
beyond  a  certain  degree. 

The  fourth  obftacle  arifes  from  the  diffe- 
rent rcfrangibility  of  the  rays  of  light,  and  which 
frequently  caufes  fuch  deviations  from  truth  in 
the  appearance  of  things,  that  many  have  ima- 
gined thcmfelves  to  have  made  furprizing  difco- 
veries,  and  have  communicated  them  as  fuch  to 
the  world ;  when,  in  fact,  they  have  been  only  op- 
tical deceptions,  owing  to  the  unequal  rcfra&ion 
of  the  rays. 


CONCLUSION., 

After  all  that  has  been  faid  on  optics,  &c.  the 
qucftion  ftill  occurs,  IVhat  is  -light  ?  bow  is  it 
formed  ?  and  of  what  fubjlance  ?  Thefe  are  ques- 
tions that  have  been  canvafled  and  difputed  fincc 
the  firft  origin  of  fcience  and  philofophy;  and 
numberlefs  are  the  conjectures  which  at  different 
periods  have  arifen  concerning  them  in  the  fchools 
of  learning. 

Empedocles,  one  of  the  earlieft  philofophers 
of  Greece,  taught  that  light  was  an  emanation  of 
certain  luminous*  atoms,  fubtil  enough  to  pervade 
the  invifiblc  pores  of  air,  water,  and  or  her  dia- 
phanous bodies.  Plato  fecms  to  *  ^*ccn,  in 
every  material  circumftance,  u(  i'         ^^^aiori; 
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:r  maintained,   that  colour  is  no  mort 

ii  ~n  «  ctremely  rare  and   fubtil  flame,  capable 

■tr  ting  the  denfefl:   bodies.      Empedocks 

iuntcLi  for  viiion  in  a  two-fold  way,  that  it  viu 

;ormed  by  the  effluvia  which  proceed  from  the 

't,  and  by  the  emifiion  of  light  from  the  eye, 

u,  **^m  a  lanthorn.    The  latter  opinion  is  proved, 

a  paiTage  cited  by  Arifiotlc;    it  is  a  beautiful 

stains  of  antiquity.     I    iliall  give   it  you  from 

^Sydenham's  trr  -*—  —  ■ 

As  when  the  traveler  in  dark  winter's  night, 

Intent  on  journey,  kindle*       a  light, 

The  moon,  like  fi>l™dor       moit-led  flame. 

He  fcts  it  in  Tome  *rny  frame  ; 

Calm  an*l  fcrcne  tl  tender  form, 

ScreenM  from  rougn  winds,  and  from  the  wintry  ftQrnK 

In  vain  rude  airs  all'diilc  the  gentle  tire, 

Their  forces  break,  difper  ft,  and  they  retire  f 

Fences  fecure,  the*  thin,  the  fair  inclofe, 

And  her  bright  head  [he  lifts  amidft  her  foes* 

Thro'  the  ftrau  pores  of  the  transparent  horn, 

She  (hoots  her  radiance,  mild  as  early  morn. 

Forth  fly  the  rays;  their  mining  path  extends, 

Till  loft  in  the  wide  air,  their  lefs'ning  luftre  ends. 

So  when  the  fire  freih  lighted  from  on  high, 

Sits  in  the  circling  pupil  of  an  eye  ; 

O'er  it,  tranfparent  veils  of  fabric  fine 

Spread  the  thin  membrane,  and  defend  the  fhrine  j 

The  fubtil  flame  inclofing  like  a  mound, 

Safe  from  the  flood  of  humours  flowing  round. 

Forth  fly  the  rays,  and  their  bright  paths  extend, 

Till,  in  the  wide  air  loft,  their  luftres  end.* 

*  Nor  is  this  rcafoning  oF  the  ancients  to  be  altogether 
defpifed,  for  there  are  various  arguments  and  experiments  to 
prove  that  the  feat  of  fenfc  is  not  entirely  paflive  in  receiving 
images,  but  that  it  alfo  directs  a  ray  from  itfelf,  to  every  objeft 
it  perceives.  The  a&ion  and  re-action  between  objects  and  the 
feat  of  fenfe  is  wholly  reciprocal."  A.  Wilfon,  M.  D.  Medical 
Rrjcarches. 
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Defcartes  maintained,  that  light,  as  it  exifted 
in  the  luminous  body,  is  nothing  but  a  power  or 
faculty  .of  exciting  in  us  a  very  clear  and  vivid 
fcnlation;  and  that  the  invifible  pores  of  lucid 
bodies  are  pervaded  by  a  fubtil  and  highly  elaftic 
matter,  capable  of  being  impelled  by  thefe  bodies, 
and  of  producing  on  the  organs  of  vifion,  when 
properly  formed,  the  perception  of  light. 

Sir  Ifaac  Newton  fcems  to  have  formed  no 
direct  opinion  on  the  fubjeft;  from  what  he  has 
faid  we  may  conclude,  he  thought  it  confided  of 
folid  particles  of  matter,  when  explaining  more 
particularly  the  nature  of  light,  he  fays,  that  it  is 
refracted  and  reflected  by  an  etherial  medium,  by 
the  vibrations  of  which,  it  communicates  heat  to 
bodies,  and  is  put  into  fits  of  eafy  refledion  and 
tranfmiflion. 

In  the  peripatetic  fchool,  light  was  confidered 
as  a  fubrtancc,  neither  purely  fpiritual  nor  purely 
corporeal,  and  was  therefore  defined  a  materia 
media  ;  and  indeed,  when  we  contemplate,  with  a 
philofophic  eye,  the  aftonifhing  effe&s  of  light, 
wc  find  fufficient  ground  for  accounting  it  of  a 
nature  widely  different  from  lumpifh,grofs,  inac- 
tive matter.  That  light,  however,  is  material, 
cannot,  as  we  have  already  {hewed  you,  be 
difputcd  with  any  degree  of  probability.  The 
materiality  not  only  appears  from  it's  being  pro- 
pagated in  time,  but  from  it's  not  bending  into 
fhadow.  The  folar  rays  are  not  only  capable  of 
being  collected  by  a  burning-glafs,  but  when  col- 
lected, exhibit  marks  of  a  power  altogether  irre- 
fiftible.  If  a  diamond,  the  hardeft  of  terreous 
bodies,  be  placed  in  the  focus  of  a  burning-glafs, 
the  light  immediately  enters  it,  tears  it 'a 
afundcr,    divides   and   diflblves  them. 

fjerceivc  the 
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both  acls  and  is  acted  upon,  as  matter,  we  muft  alio* 
it's  properties  to  be  mare  rial. 

The  unparaileiled  fubtilry  of  light,  and  the 
iirpoffbiliry  of  fubjecting  it  to  chemical  analyfis/ 
reader  every  inquiry  into  it's  eflence  peculiarly  ar- 
duous and  difficult.  Many  and  various  are  the 
phenomena  which  point  out  the  mod  intimate  and 
immediate  connection  between  fire  and  light. 
You  all  know,  that  thofe  bodies  which  are  heated 
xreii  imenfely,  are  moft  luminous*  and  that  the 
light  of  the  fun  concentrated  by  convex  glafles, 
produces  a  degree  of  heat  almoft  irrefiftible.  Here 
ycaa  perceive,  that  fire  produces  light,  and  light 
predbres  the  ©oft  intenfe  heat.  If,  therefore,  the 
t£2ce  ciuies  produce  the  fame  effects,  or,  inverting 
tic  xxiom,  if  the  fame  effecfts  proceed  from  the  fame 
cx^tes,  it  muft  be  inferred  in  the  prefent  inftance, 
tzaz  light  and  fire  are  either  one  and  the  fame  fub- 
fo.Tce,  or  at  lcaft  in  the  immediate  chain  of  caufe 
acsi  erfect. 

The  connexion  between  fire  and  li-jhr  i<;  fur- 
ther evinced  by  the  well-known  eneih  of  the  hrrer 
ca  molt  bodies ;  innumerable  experiments  lr.ew, 
that  there  is  a  certain  degree  of  heat  at  which  bodie 
beccmc  1-minojs,  and  that  all  bodies  which  f:f- 
tain  that  heat,  without  being  converted  into  \a- 
pour,  may  univerfaily  be  ignited.  There  are  even 
fome  fubftances,  which,  though  they  evaporate  at  a 
degree  of  heat  far  below  that  at  which  thev  fliould 
begin  to  lhine,  may,  by  proper  management,  he 
ignited. 

It  now,  I  think,  appears,  that  when  Plato 
defined  light  "  a  rare  and  lubtil  flame,"  he  camd 
nearer  the  truth  than  ht:r  philofophers  have  in 
general  imagined.  Can  you  delirc  a  more  con- 
\lncing  proof  of  the  folid  judgment  and  penetra- 
tion of  that  ancient  fage,  than  that  after  the  lapfe 
&  *b  many  centuries,  and  the  vaft  progrefs  made  in 

the 
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the  fcience  of  nature,  wc  are  under  the  rteceffity  of 
rejecting  the  theories  of  the  moderns,  to  revive 
Jus  long  exploded  do&rine,  as  moft  confonant  with 
facls  and  experiments.  For,  if  to  the  argument* 
already  ufed  to  prove  the  identity  of  fire  and  light, 
it.be  added,  that  light  and  heat  diffufe  themfelyea 
from  a  center  outward,  that  they  a£t  in  ftrait  lines, 
and  are  fubjedl  to  the  fame  laws  of  reflexion,  wc 
can  hardly  withhold  our  affent  from  the  Platonic 
doctrine. 

It  may  be  further  obferved,  that  in  general  IK* 
light  is  excited  until  a  decompofltion  takes  place, 
and  the  fixed,  or  latent  fire,  begins  to  be  feparated 
from  the  bodies :  light  may  be  therefore  confidered 
as  fire  palling  through  certain  ftraineys  well  ffcr 
fined,  and  as  cxifting  in  a  more  pure  and  fimpi* 
(late,  and  being  lefs  incumbered  with  terreousgra* 
vitating  matter,  than  fire. 

And  if  you  furvey  the  various  operations  of 
nature,  with  that  attention  and  accuracy  that  aw 
neceflary  in  the  profecution  of  phyfical  inquiries, 
I  think  I  may  venture  to  aflert,  that  you  will 
not  meet ,  with  a  fingle  inftance  from  which  it 
can  appear,  that  light  can  be  excited  without 
the  concurrence  of  the  elementary  principle  of 
fire. 

I  have  now  finifhed  another  fet  of  Le&urea, 
and  have  given  you  an  account  of  the  known  pro* 
perties  of  light,  and  among  many  other  thing* 
have  explained  to  you  the  wonderful  mcchanifm 
of  the  eye,  whereby  it  is  rendered  the  means  of 
vifion;  and  (hewn  you  what  afliftance  it  receive* 
from  glafles.  It  has  here  alfo  been  (hewn  you, 
that  the  particles,  of  which  light  is  compofed,  arc 
of  different  colours,  and  that  the  colour  of  each 
particle  is  lifting  and  permanent,  fo  as  not  to  be 
changed  either  by  refra&ion  or  refle&ion;  and 
that  thofc  particles  which  differ  as  to  colour,  differ 
3  alfo 
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thar  light,  by  bcin 
drefTcs  nature  in  varic 
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id  telefcop 
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is  fixed  upon  them,  their 

eacdlescies  become  more 
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1  Save  <vea£ooi2iy  pointed  cut  to  you  the 
arjptkariaMi  of  i;^t:  is  a  figni  Scant  emblem  in  the 
facrcd  *nr^,  in  which  the  material  elements  of 
a  viable  wgtjC  xr^  always  ufed  to  lead  you  to  the 
k^jwlecge  of  ocse  :hir  is  fp:  ritual  and  invifible. 
By  iue  artesilrr!  :o  thcie,  you  will  be  ab!e  to  per- 
ceive the  energies  of  the  Div.:*r  Mind  in  all  the 
nriocs  fbnns  of  ccrvra^rd  narure,  and  acknowledge 
that  Go  3  alone  is  the  beauty  and  benefit  of  all  his 
works ;  that,  as  they  cannot  exift  but  i*  him  and 
by  him,  f>  his  impretncHi  is  upon  them,  and  his 
unpreguation  through  them. 

Though  the  elements  have  a  mixture  of  na- 
tural ana  ph}  ileal  evil,  yet  Jrvixe  order  influences 
throurrhvx::,  and  *s  an  internal  principle  of  good, 
which  is  alone  ail  the  beauty  and  beneficence,  the 

whole 
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Conclusion  $6* 

Vtiole  glory  dnd  gracioufncfs  that  is  in  them ;  nor 
can  they  poflibly  exhibit  any  beauty  or  amiable* 
nefs  but  what  they  derive  from  God.  AH  things 
animate  and  inanimate  co-operate  in  difplaying 
his  wifdom  and  power ;  all  unite  in  the  univerfal 
ibng  to  the  glory  and  praife  of  their  beneficent 

CREATOR. 

*'  Air  uttering  tells  his  harmony in  founds ; 
The  light  reveals  the  fountain  of  it's  rays. 
And  like  the  feraph  kindles  in  his  praife. 

All  echoing  the  suprem$'s  defign* 
Beauty  of  love,  and  symmetry  divine  !" 
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